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O review the history of spinal anes- 
thesia would be a waste of time, 
as everyone knows that Corning 
performed the first lumbar punc- 
ture on a dog in 1884; that Matas 

in 1899 was the first in America to 
operate successfully with it and that 
Babcock was the first to take it up ex- 
tensively as a routine anesthetic in 1904. 
It may be interesting, if not instructive, to 
know that Babcock and Boyd have each 
performed over twenty thousand opera- 
tions with spinal anesthesia. 

Yearly there are innumerable papers 
presented on the subject reporting so many 
cases each, but when these are reviewed 
and analyzed what is the result? It is 
merely to rehearse what has been accom- 
plished by others. Therefore, when we 
condense these, a careful investigation will 
reveal the fact that much of our knowledge 
of spinal anesthesia may be attributed to 
Bier, Braune, Barker and Babcock, as 
they appear to be the few who really 
thought for themselves and endeavored to 
find ways of overcoming some of its dis- 
advantages. 

When the author first used spinal anes- 
thesia in 1912, its use was confined to very 
elderly people, those considered as “bad 
risks,” and to whom we were afraid to 
give ether. In those days we knew little 
or nothing about blood pressure changes 


and our only concern was whether we had 
anesthesia; we used to marvel at the fact 
that we had such “nice dry wounds. It 
would seem that the impression has been 
generally prevalent among surgeons, until 
the last few years, that this form of anes- 
thesia was suitable only for the bad risk 
cases and the aged; whereas of late the 
profession realizes that it is the ideal anes- 
thetic for the young, robust individual, 
and is contraindicated in the moribund. 

As we knew spinal anesthesia in the past 
it had many features that were undesir- 
able and because of these it has been gen- 
erally considered unsafe for routine use. 
It was not accepted by the profession as a 
safe and reliable anesthetic, because the 
duration of anesthesia was uncertain, one 
never knew whether it was to last ten 
minutes or an hour. The intensity was 
also variable, failures were frequent, and 
very often inhalation anesthesia had to be 
resorted to for the operation, or at least 
to complete it. 

Nausea and vomiting were troublesome 
and embarrassing complications, often- 
times soiling the drapes and delaying the 
operation, due to expulsion of the viscera. 

Not infrequently the patients com- 
plained of severe headaches and almost 
invariably they became covered with a 
cold, clammy perspiration accompanied 
by extreme pallor. There was relaxation 
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of the sphincters with incontinence and 
involuntary defecation. 

They complained of extreme weakness 
and expressed fear of impending danger. 
There was air hunger in many instances. 
Not infrequently they became pulseless 
and, as Hillsman of the Department of 
Surgery, Yale University, expressed it, 
“The blood pressure was nothing over 
zero.” As late as 1927 the assertion was 
made that: “The pulse at the wrist does 
not mean much clinically, because of the 
relaxed blood vessels in other territories, 
the blood vessels that have not been inter- 
fered with by the anesthesia also have their 
walls relaxed, but through another cause, 
through impoverished circulation. When 
the waves created by the heart reach these 
blood vessels they cannot be felt by the 
hand. They can neither be detected by 
the ear, when they are subjected to the 
pressure of the rubber sleeve of any blood 
pressure apparatus.” 

This quotation may be true of certain 
methods of spinal anesthesia, but not of 
all. The statement is one that would not 
instil confidence in the method with many 
surgeons. In other words these patients 
suffered profound shock. 

Asphyxia has been a troublesome com- 
plication to deal with in the past, as well 
as the height of anesthesia on the body 
surface. Not infrequently we had anes- 
thesia to the neck and even of the entire 
body. Possibly from this state originated, 
the term spinal anesthesia instead of spinal 
analgesia, which is correct. 

After the primary effects of spinal anes- 
thesia had disappeared, we frequently were 
confronted with various secondary com- 
plications directly attributable to the 
method. The most frequent of these were 
headaches, either the persisting, intense, 
throbbing, unbearable headache, or the 
dull headache, that occurred only when 
the patient sat up. Occasionally there 
would be paralysis of the sphincters, 
with the resultant dribbling of urine, or 
involuntary stool, lasting for days or weeks. 
or paralysis of the hypogastric plexus, 
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which would necessitate catherization for 
an invariable time. Palsies were frequently 
reported, as well as vertigo. Localized areas 
of anesthesia or paresthesia would occasion- 
ally occur, lasting for several days after 
the operation. Stiffness of the muscles 
of the back of the neck were frequently 
observed, to say nothing of the innumer- 
able cases of temporary blindness that 
have been reported. 

With an endeavor to overcome some, or 
all, of these objectionable features we con- 
ducted a series of experiments using 92 
humans, 38 cadavers, 264 dogs and 2278 
rats. These experiments were not all in 
reference to spinal anesthesia, as compara- 
tive findings with various forms of inhala- 
tion anesthesia were also studied. As the 
inhalation results are not of interest at the 
moment, the results of these experiments 
will not be discussed. 

To us an ideal spinal anesthetic appeared 
to be one that would be certain in effect, 
constant in duration, in direct ratio to 
the amount of anesthetic drug injected; 
one that would not in any way affect 
the heart action, arterial pressure or re- 
spiratory function; one that would lessen 
nausea and vomiting, abolish pallor, cold 
sweats; one that would eliminate anxiety 
of the patients, systemic disturbances and 
after-effects. The author says “ 
because many of the experiments could 
not have been accomplished without a 
competent biological chemist, and Dr. 
Charles W. Hooper has devoted his time 
unhesitatingly for two years in perfecting 
spinocain. Some of the experiments and 
the reasons for our deductions may be of 
interest, as well as to know how spinocain 
originated; also the heavy concentrated 
solution of strychnine sulphate 2 mg., 
propantriol 65 mg., amyloprolamine solu- 
tion 130 mg., novocaine 200 mg., distilled 
water q.s. 0.5 gm. 

To gain control of the anesthetic agent 
within the dura, we used glass tubes shaped 
to conform to the human spine. In the 
larger ones we employed an isotonic solu- 
tion, in the smaller tubes, which had a 
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capacity of 40 minums, human spinal 
fluid. In these tubes we tried various viscid 
substances in an endeavor to secure a solu- 
tion that would mix but not diffuse with 
spinal fluid, that would remain en masse 
until the anesthetic drug had become fixed 
or absorbed, and that would not inhibit 
anesthesia, but regulate its durability and 
intensify its action, always bearing in 
mind the oscilatory action of spinal fluid 
due to (1) vascular pulsation and (2) 
external physical disturbance such as 
respiration, coughing, motion of the body, 
straining, vomiting, etc. To compensate 
for the first a clock-like arrangement was 
devised that would pulsate against the 
rubber cap of the tube, and the second was 
overcome by a bulb arrangement that 
would increase and decrease the intraspinal 
pressure in the tubes from 1 to 8 mm. Hg. 
In 1927 starch paste was reported as an 
ingredient that would prevent dissemina- 
tion for forty minutes. This was found to 
ferment, precipitate, and become unstable 
within six to eight weeks. Later we found 
that gliadine (the mucilaginous content 
of wheat starch) was the substance that 
really produced the viscid properties 
desired and from this we finally obtained 
amyloprolamine, which was stable and 
prevented dissemination for over two 
hours, or until the anesthetic action of the 
drug had disappeared. This was necessary 
because we had learned that by dissemina- 
tion any anesthetic solution became weak- 
ened, which accounted for the uncertainty 
of duration and variation in intensity of 
spinal anesthesia as we knew it in the past. 
To satisfy ourselves that a definite and 
fixed volume could be maintained through- 
out the duration of the anesthesia, to 
prove that dissemination did not occur, we 
colored the solution and did secondary 
taps on humans from twenty minutes to 
one hour after injection, obtaining no 
colored solution from the sixth or seventh 
dorsal interspace. A further check-up was 
made by adding stains to the solution, inject- 
ing it into the dural sac of dogs and noting 
the stained regions of the cord and dura. 
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By adding alcohol to the preparation, we 
produced a solution of lighter specific 
gravity than the spinal fluid, which caused 
spinocain to float in the spinal fluid as does 
the air bubble on a spirit level. By leaving 
out the alcohol and adding propantriol we 
obtained a solution with a specific gravity 
of 1.109, which is much heavier than spinal 
fluid (normal 1.007). This solution would 
gravitate to the dependent parts of the 
dura. The viscosity was not altered. 

In an earlier report the author advised 
that if anesthesia did not extend high 
enough on the body, to elevate the head of 
the operating table and allow the spinocain 
to flow upward. This we found inadvisable 
and rather unsafe, particularly in the hands 
of the inexperienced, as the anesthetic 
ascends quicker in the spinal canal than 
anesthesia appears on the body surface, 
the anesthesia being delayed from three to 
six minutes after the spinal nerves are 
bathed with the anesthetic solution. There- 
fore it became necessary to determine the 
capacity of the dural sac at various heights 
to enable us to anesthetize various groups 
of spinal nerves as desired (Fig. 1). This was 
accomplished by coloring the spinocain 
with methylene blue and making secondary 
taps along the spine until we obtained clear 
fluid. For further check eosin was added 
to the light and heavy solutions and 
injected into cadavers, the body, being 
maintained in a position similar to that of a 
patient on the operating table, the solution 
expanded in a similar manner, and the 
results observed by doing a laminectomy. 
Adding sodium iodide to a solution of 
the same spetific gravity and viscosity 
as spinocain, we injected this into the 
spinal canal of cadavers and roentgeno- 
graphed them (Fig. 2). The result verified 
our other findings. With the dural sac 
capacity determined, it was easy to anes- 
thetize various pairs of spinal nerves at 
will, by expanding the solution, as 
described under Technique. 

The toxicity of novocaine injected intra- 
durally is practically the same as when 
introduced intravenously. When 300 mg. 
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Fic. 1. A study of the capacity of the {spinal canal at various heights, showing the amount of mechanical 
expansion of spinocain required to produce anesthesia of various regions of the body. Note the capacity of the 
spinal canal in cubic centimeters, as compared to the regions of anesthesia on the body surface. 
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were injected into dogs weighing g kg. 
(20 Ibs.), convulsions occurred followed by 
death. If liquid alboline or olive oil was 
used as a solvent for the novocaine before 
it was Injected into the subarachnoid 
space, satisfactory anesthesia was 
obtained. The duration was extended and 
by elevating the hips of the dog it was 
limited to the legs only. Anesthesia 
appeared to be more intense, and with the 
oil preparations convulsions did not occur 
in the 6 dogs injected and there were no 
other toxic reactions. The viscosity of the 
amyloprolamine solution acts similarly to 
the oils and materially reduces the toxicity 
of novocaine, prolongs the time of absorp- 
tion and extends the duration of anesthesia. 
Amounts of spinocain equivalent to 400 
mg. (6 gr.) of novocaine have repeatedly 
been used with no untoward results. In 
18 cases 600 mg. were used. 

We tested all the drugs that have been 
advocated as stimulants to the vasomotor 
constrictors. Strychnine, intradurally, was 
the only one that showed satisfactory 
results in the presence of novocaine. Simi- 
lar tests were conducted on animals and 
humans both intravenously and intramus- 
cularly, and none of the so-called stimu- 
lants proved to have any definite value, 
with the exception of ephedrine and supra- 
renine. Ephedrine and suprarenine com- 
bined, introduced intravenously proved 
the most effective as well as lasting. 
Suprarenine had no value when injected 
into the muscles. 

These experiments enabled us to estab- 
lish a ratio of the amount of ephedrine 
required to stabilize vascular pressure 
against definite amounts of novocaine, 
and with anesthesia at various heights on 
the body surface. We also learned how 
much ephedrine suprarenine mixture to 
use to cause a hypotension case to approach 
normal and maintain a constant pressure 
for from four to six hours, as well as how 
to minimize the dose of ephedrine in 
hypertension cases. Given a case of hypo- 
tension with pressure 90/60, 50 mg. of 
ephedrine and 0.7 mg. of suprarenine 
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introduced intravenously will increase the 
pressure to approximately i20/70, which 
may be relied upon for at least four hours 


Fic. 2. One c.c. of the anesthetic is confined to the tip 
of the dura, as confirmed by the roentgen ray. Note 
shadow. 


from the time of injection, during which 
time one can proceed as with a normal 
case. A hypertension case of 200/110 
pressure, however, should not have over 
one-half the amount of ephedrine that 
would ordinarily be used in a case with a 
pressure over 120/70. 

Bearing in mind that the vasomotor 
constrictors leave the cord by way of the 
anterior nerve routes from the second dor- 
sal to the third lumbar vertebrae, one 
must estimate the amount of ephedrine to 
use to maintain a constant pressure. With 
intradural sacral anesthesia, none is 
required. When the lumbar nerves are 
bathed in spinocain and with anesthesia 
of the legs, 20 to 25 mg. should be used. 
If the anesthetic is carried to the ninth 
dorsal and anesthesia to the umbilicus, 
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30 to 40 mg. should be employed. If the 
solution is expanded to the sixth dorsal, 
and anesthesia to the unciforme, 50 to 60 
mg. of ephedrine will be necessary. Strych- 
nine intradurally stimulates the vasomotor 
constrictors, but will have little or no 
effect if injected intravenously or intra- 
muscularly. The ephedrine will fortify 
the anesthetized nerves and stimulate the 
unaffected vasomotors if administered 
before the spinocain, and will stabilize the 
arterial pressure. (See chart.) 

Ephedrine should fortify the vasomotors 
against the attack of the anesthetic, and 
to obtain the best results must be injected 
before the spinal tap is made. The result 
will be disappointing if used after the 
pressure has fallen and the vasomotor con- 
strictors have become anesthetized, as it 
will not reestablish a normal pressure if 
employed at this time. 

There has been considerable discussion 
as to the toxicity of ephedrine and two 
deaths have been attributed to 50 mg. 
doses. With an effort to estimate the maxi- 
mum safe dose we used a 1: 1000 solution 
in rats, weighing 100 gm. and by trans- 
posing our findings in proportion to a 
man weighing 72 kg. (160 lbs.) the lethal 
dose was estimated to be 13,200 c.c. 
(132 qts.) or 13 gm. The maximum safe 
dose according to Solis-Cohen and Gilhens 
is 5 gm. or 5000 mg. It would hardly seem 
possible that we would ever be called upon 
to approach either of these dosages. 

It is interesting to note that a 100 per 
cent solution of novocaine amyloprolamine 
solution used to produce intradural sacral 
anesthesia in dogs caused no appreciable 
increase in the cell count of the spinal 
fluid, but that apothesine and stovaine 
produces a marked increase in the number 
of cells and not infrequently we have 
observed 15, 20 and as many as 25 cells 
to the cubic millimeter after a 5 per cent 
solution of the latter has been injected. 

Thirty per cent of our dogs showed a 
transitory or permanent paralysis of the 
hind legs after 5 per cent stovaine solution 
had been introduced into the subarachnoid 
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space. This paralysis lasted from six hours 
to nine days. The dog with the paralysis 
lasting nine days was killed to relieve his 
misery. All cases in which stovaine was 
employed showed perivascular round-cell 
infiltration, and by the Cajal method of 
nerve staining, we found the axis cylinders 
swollen, marked degeneration of the fibers 
of the anterior roots, and in a dog that was 
paralyzed for five days the sciatic nerve 
showed marked degeneration of the nerve 
fibers. Novocaine in 4, 10 or 20 per cent 
solution, on the other hand, failed to pro- 
duce any macroscopic or microscopic 
changes. These dogs were autopsied at 
two, four, and five days, and 1 at the end 
of nine days. 

The absorption time of various anes- 
thetic agents from the spinal fluid shows a 
great variation. Traces of stovaine have 
been found in the spinal fluid twenty hours 
after introduction, whereas no traces of 
novocaine could be found in innumerable 
cases after four hours and in no case after 
six hours. In mentioning novocaine I 
include neocaine and procaine as they are 
all nearly identical, the only variation 
being in the manufacture of the product 
and not in the primary formula. 

Deductions lead us to believe that novo- 
caine is absorbed quicker by the sensory 
than by the‘motor nerves. This may pos- 
sibly be due to the fact that the sheath of 
the motor nerves is somewhat thicker than 
the sheath of the sensory nerves. We are 
also led to believe that novocaine is 
absorbed by the nerve trunks and enters 
the system in this way rather than through 
the veins or lymphatics by osmosis. As 
has been shown, the osmotic rate between 
spinal fluid and the venous blood is very 
slow, due to the similarity of intravenous 
and intraspinal pressure, the former being 
3 to 4 mm. Hg and the later 6 to 8 mm. 
Hg, with the patient in a reclining position. 
This may also account for the fact that 
if a vein is accidentally punctured during a 
spinal tap, bleeding does not occur into 
the spinal canal, but there is a possibility of 
seepage of spinal fluid into the vein (Fig. 3b) 
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the latter possibly accounting for the 
frequent hypotonic headaches, as these 
headaches are observed more frequently 
after blood occurs in the spinal needle or 
after bungling attempts at a spinal tap. 

The intrapsinal pressure with the patient 
in a sitting posture is greater than when the 
patient is recumbent, but there is no differ- 
ence between the pressures of a recumbent 
patient and one in a 45° Trendelenburg 
position. This may be compensated by the 
cerebral congestion produced when the 
patient is placed in so marked a degree of 
Trendelenburg position. We are also 
inclined to believe that headaches are more 
likely to occur than when the spinal tap 
is made with the patient sitting, as with 
this method a greater amount of spinal 
fluid is permitted to escape. This is also 
true when large needles (as the Barker, 
15 to 17 gauge) are employed. A long 
tapering point is likely to produce more 
bleeding than the short beveled fine- 
gauged needle. 

As a result of these studies and reports 
on 11,000 inductions with spinocain, per- 
formed by surgeons in every state in the 
Union and several foreign countries, we 
feel justified in asserting that spinocain 
is controllable within the dural sac. 
Controllable spinal anesthesia is quite 
different from spinal anesthesia as it has 
been known in the past, in that nearly all 
of the objectionable features are eliminated. 

The controllability of spinocain, or the 
heavy solution, permits of a sure, well- 
defined sacral anesthesia within three min- 
utes in 100 per cent of the cases (Figs. 6, 7), 
thus presenting a distinct advantage over 
caudal anesthesia, which requires from fif- 
teen to twenty-five minutes for anesthesia 
with more than 25 per cent of failures and 
frequently has to be supplemented by para- 
sacral. Another advantage is that the 
equipment is inexpensive and ordinarily 
in the possession of every physician: 
one 2 c.c. Luer-Lok syringe, one 3 c.c. 
Luer-Lok syringe, one hypodermic needle 
and one spinal puncture needle (Pitkin). 
The surgeon may also be his own anesthe- 
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tist, a distinct advantage in small hospitals, 
emergency night work, or isolated practice. 

Every surgeon is confronted with certain 
conditions in which any form of inhalation 
anesthesia is absolutely contraindicated, 
and to deal with these he should have at 
least a working knowledge of controllable 
spinal anesthesia. Tuberculosis is undoubt- 
edly the most frequent. To administer 
inhalation anesthesia in this condition is 
almost criminal; Dr. S. R. Morrow only 
recently pointed out to the author several 
arrested cases that had been converted 
into active ones by the use of inhalation 
anesthesia. Asthmatic patients cannot take 
inhalation anesthesia and frequently are 
unable to breathe lying down. With these 
the heavy solution is indicated, as also in 
cardiac cases with broken compensation. 
The surgeon or anesthetist who permits 
or administers general anesthesia for these 
types of cases, or to diabetic or nephritic 
patients, is not giving the patient a square 
deal, as he knows the inhalation anesthesia 
will be harmful and perhaps fatal. The 
same statement applies to all acute chest 
conditions. 

Acute abdominal conditions respond 
better to spinal anesthesia, because the 
sphincters are relaxed, peristalsis 
increased, acidosis lessened, and distention 
or ileus is much less likely to appear. 

Spinal anesthesia is much safer in upper 
abdominal surgery, in that the percentage 
of postoperative lung complications are 
greatly reduced, as shown by the works of 
Sise, Campbell, Goodman, Boyd, Babcock 
and others. 

In obstetrics the heavy solution offers 
many advantages. Anesthesia may be 
secured of the cervix, vagina, vulva and 
perineum, in fact all of those parts supplied 
by the sacral and pudendal nerves. Uterine 
contractions are not inhibited although 
pain is abolished. As the hypogastric plexus 
is not anesthetized, it causes greater 
relaxation of the soft parts, quicker and 
easier deliveries, less trauma and fewer 
lacerations. It offers greater protection to 
the mother and child. 


il 


INCORRECT 


METHOD INCORRECT 


METHOD 


d f 
Fic. 3. a. The spinal puncture needle introduced between the laminae, the point outside of the dura. The reason for 
a dry or bloody tap. 
b. The needle inserted through both walls of the dura puncturing a vein. The cause of a bloody tap. 
c. The needle inserted in midline but deviating to the right or left, sometimes caused by a corkscrew spine. 
A reason for the dry tap or blood in the needle. 
d. Only half of the bevel has penetrated the dura. When the anesthetic is injected some of it is deposited 
extradurally. Unsatisfactory anesthesia. 
e. The needle penetrating one of the strands of the cauda. A cause of postoperative psraesthesia. 
f. Correct Method. The needle introduced between the spinous processes, the point, which is of a short 
bevel, is wholly within the dura. 
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Fic. 4. 1. . Table level, spinocain expanded to 8 c.c. Anenhetic to cove dorsal. Aneutesie to costal margin. 
2. 5° Trendelenburg, spinocain expanded to 6 c.c. Anesthetic to ninth dorsal. Anesthesia to umbilicus. 
3. 8° Trendelenburg, spinocain expanded to 4 c.c. Anesthetic to first lumbar. Anesthesia of the legs. 
4. Table 12° Trendelenburg, 2 c.c. of spinocain anesthetic to third lumbar. Anesthesia of the perineum 


and legs below the knees. 
5. 18° Trendelenburg, 1 c.c. of spinocain. Anesthetic in tip of dura. Anesthesia of the perineum only 
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The technique of using spinocain is 
quite different from ordinary spinal anes- 
thesia, and any one who contemplates 
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not complain of “that faint feeling.” 
Fluids may be permitted before, during or 
after the operation. 


Fic. 5. The patient is in 15° Trendelenburg. The heavy solution mechanically expanded to 8 c.c. Anesthetic to 
the seventh dorsal, anesthesia to the unciform. 


using it should thoroughly familiarize 
himself with the technique or, better 
still, visit some of the clinics where it is 
being used. 

One rule of caution: never administer 
spinocain with the patient in a sitting 
posture and, after the heavy solution has 
been used, never place the patient in a 
Trendelenbug position. It must be remem- 
bered that the success one experiences with 
either of these solutions will be in direct 
ratio to the perfection of technique. 
Failures or complications will not be due 
to the solutions, but to errors at the time 
of administration, and the position of 
the patient thereafter. 

The preliminary preparation of the 
patient may be carried out in the routine 
manner of the hospital. It is, however, 
advisable to have the bowels and bladder 
emptied before the anesthetic is adminis- 
tered to avoid soiling or wetting of the 
operating table. 

It is not necessary to withhold fluids or 
light food unless the operation is to be 
on the stomach, as with something in the 
stomach these patients do better and do 


TECHNIQUE 


The equipment for spinocain anesthesia 
is simple and inexpensive: 
1 Luer-Lok syringe, 2 c.c. 
1 Luer-Lok syringe, 3 c.c. 
1 Pitkin spinal puncture needle 
1 hypodermic needle with safety guard 34 

inch 

ampule spinocain 

ampule ephedrine-novocaine solution 

pair sterile gloves 

sponge holder 

sterile file 

sponges 

tincture of iodine, 5 per cent 

The syringes should preferably be of an 
all-glass type with a suitable locking 
device that will permit the manipulation 
of the needle and syringe without fear of 
detachment. They should be so constructed 
that there is no chance of leakage or the 
injection of air. They should also have a 
locking device that will not jam or permit 
the needle to “blow off.” One of the two 
syringes should hold 2 c.c. for the local 
ephedrine-novocaine solution and the other 
3 c.c. for the spinocain or heavy solution. 
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The needles should be made of rustless 
steel. They are iess apt to break, retain a 
sharp point longer and withstand a great 
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frequently occurs. Furthermore satisfac- 
tory anesthesia with this type of needle is 
not always secured because a portion of the 


Fic. 6. The patient in 18° Trendelenburg, 1 c.c. of spinocain in tip of dura. Perineal anesthesia only. 


deal of bending and manipulation. The 
needle for local infiltration should be of 25 
or 27 gauge, sharp, and provided with a 
safety guard to prevent its disappearance 
should it break in the tissues. The spinal 
puncture needle should be of rustless steel, 
not nickeloid or nickel-plated, of 20 or 22 
gauge. The smaller the caliber of the needle 
the less will be the trauma to the tissues 
and the less postoperative headache. The 
bevel should be of 45°, never 20° or 30°. 
The author’s needle has a short bevel, the 
rear portion of which is rounded so that it 
cuts a miniature trap door in the dura. 
This opening closes by intradural pressure 
when the needle is withdrawn, preventing 
seepage of spinal fluid and the resultant 
backache and headache. It is inadvisable 
to use the large Bier needle of 15 to 17 
gauge, or a needle with a long tapered 
point. With a large needle trauma of the 
soft parts is produced and with a long tap- 
ered point needle unnecessary bleeding 


bevel may remain partly outside of the 
dura, and so some of the solution be 
deposited extradurally (Figs. 3, 4). 

Before sterilization, the stylet should be 
withdrawn from the needle, which is then 
tested by bending it into a semi-circle, to 
reassure one’s self that there is little possi- 
bility of breaking it in the tissues. 

The ampules should be immersed in 70 
per cent alcohol to sterilize them. Before 
using, the neck of the ampule should be 
nicked with a sterile file and then broken 
off with the fingers, protected with gauze or 
a towel. The contents of the ephedrine- 
novocaine ampule are drawn into the 2 c.c. 
syringe and the spinocain or heavy solution 
into the 3 c.c. syringe. 

One hour before the operation the 
patient should be given an injection of 
morphine sulphate 16 mg. (14 grain) and 
scopolamine 0.4 mg. (1450 grain). While 
this in no way intensifies the anesthesia it 
allays fear and apprehension. In extremely 
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nervous individuals the dose of morphine 
may be increased to 20 mg. (14 grain) or an 
additional amount of 16 mg. of morphine 
may be administered five hours before 
operation. 

Spinocain has a much lighter specific 
gravity than spinal fluid and will ascend 
rapidly in the spinal canal if the upper part 
of the patient’s body is raised. Spinocain 
should never be given to the patient in a sitting 
position. The heavy concentrated solution 
is much heavier than the spinal fluid and 
should be administered only with the 
patient sitting or in a Fowler’s position. 

The paramount thought and endeavor 
should always be never to hurt the patient 
at any time. A patient once subjected to 
one painful manipulation may lose faith in 
the method and the ability of the operator. 
Lost confidence is hard to regain and may 
be the direct cause of an unsuccessful 
anesthesia. To be successful with spinal 
anesthesia the technique should be devel- 
oped to such a finesse that the patient Is 
never subjected to pain and is carried 
through the operation in a happy and 
cheerful frame of mind. 

Before proceeding with the injections it 
is advisable to place the equipment and 
the syringes filled with their respective 
solutions on a sterile table in easy access to 
the operator. 

The spinal puncture and injection of 
spinocain should always be done with the 
patient lying on the side with the knees 
flexed upon the abdomen, the head bent 
forward and the back bowed out. This 
position separates the spinous processes 
and puncture may be made easily and 
painlessly. The shoulders and hips should 
be in a vertical line. If the shoulders are 
tilted and the hips vertical, or the hips 
tilted and the shoulders vertical, a “‘cork- 
screw spine” is produced, which presents 
difficulties at the time of puncture (Fig. 3c). 

If a right-sided operation is to be per- 
formed the patient should be placed on the 
left side, as spinocain is of a lighter specific 
gravity (1.0005) than spinal fluid; it floats 
on the spinal fluid and anesthetizes the 
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nerves of the right side first (Fig. 8). For a 
left sided operation the patient should be 
placed on the right side. Where median 


ad 

Fic. 7. With intradural sacral anesthesia, only the 
pudendal and sacral plexuses are anesthetized. A 
schematic study of the branches and parts supplied 
by the above nerves. The hypogastric plexus that 
supplies the fundus of the bladder is not anesthetized. 


incisions are to be made there is no choice 
The head of the table should be lowered 
so as to place the patient in a 5° Trendelen- 
burg position. This is hard to estimate, but 
easily measured with the _ tiltometer 
(Pitkin). 

The heavy concentrated solution is of 
much heavier specific gravity (1.109) than 
spinal fluid and will immediately gravitate 
to the dependent parts of the spinal canal. 
The heavy solution should always be given 
with the patient sitting or in a Fowler’s 
position. After administration the patient 
should never be placed in a Trendelenburg 
position. 

With the patient in position the skin over 
a wide area extending from the fifth or 
sixth dorsal vertebra to the sacrum is 
painted with a 3 to 5 per cent tincture of 
iodine, then by palpating along the lumbar 
spine from the twelfth dorsal to the sacrum 
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a wider interspace will be found, which is 
selected for the point of puncture. By firm 
pressure with the thumb nail of the gloved 
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Before proceeding with the spinal punc- 
ture a cutaneous wheal is raised with one- 
half of the contents of the ephedrine-novo- 


Fic. 8. Spinocain is more effective in kidney work, because of its lightness. It ascends to the crest of the spinal 
canal, when the body is lifted by the kidney bar and produces a more intense anesthesia at the site of 


operation. 


hand, a mark is left on the skin which is 
easy to find when the wheal is to be raised. 

The interspace selected for the site of 
puncture is not of material importance, as 
the extent of anesthesia is regulated almost 
entirely by the degree of Trendelenburg or 
Fowler’s position employed, and by the 
amount of mechanical dissemination of the 
solution, purposely effected by mixing 
either solution with the spinal fluid. To 
secure satisfactory anesthesia spinal fluid 
should be aspirated into the syringe and 
mixed with the anesthetic solution before 
any attempt is made at injection. 

For stomach and gall-bladder operations 
a quicker anesthesia will be obtained if the 
first lumbar interspace is selected. 


caine (ephedrine 50 mg., novocaine 10 mg., 
distilled water ad q.s. 1 gm.) ampule, using 
a fine hypodermic needle as described. 
Without withdrawing the needle it is 
carried directly into the interspinous liga- 
ment, while the other half of the solution 
is injected as the needle advances. By pro- 
jecting the solution ahead of the needle the 
latter enters freshly anesthetized fields. In 
other words the thumb proceeds faster 
than does the needle. The spinal puncture 
may be made without pain by inserting 
the lumbar needle through the center of 
the wheal. In penetrating the interspinous 
ligament care should be taken that the 
needle is at right angles to the long axis of 
the spine. Never attempt the puncture 
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between the laminae (Fig. 3a). Avoid 
inserting the needle in an upward direc- 
tion or atan acute angletothe spine. Donot 
deviate to the right or left (Fig. 3c). The 
veins about the cord which are large and nu- 
merous may be avoided when the puncture 
is made as recommended. Unnecessary 
bleeding will occur if the puncture is 
attempted between the laminae, with the 
needle at a tilt, or with a needle of large 
caliber or with a long tapering point. When 
the dura is punctured there is a slight snap, 
which is recognized after the first few punc- 
tures, and the needle encounters less resist- 
ance. Avoid the point of the needle piercing 
the opposite side of the dura or coming in 
contact with the body of the vertebra. 

When the dura has been entered the 
stylet is removed and spinal fluid should 
flow through the needle. If no spinal fluid 
appears rotate the needle on its own axis 
and if there is no flow insert it deeper. If 
bony resistance is felt (the body of the 
vertebra) the needle has undoubtedly been 
deviated or inserted too deeply (Fig. 3b). 
In that event is should be withdrawn to the 
skin surface and reinserted at a slightly 
different angle. Always have the stylet in 
place when making manipulations. 
Occasionally the first drop or two of spinal 
fluid will contain blood. When bleeding 
ceases the injection may be made. If it 
persists, the needle should be withdrawn 
and reintroduced. The injection of the 
anesthetic solution should never be made 
until clear spinal fluid flows through the 
needle, as this is the only assurance that its 
point is within the dural sac. Unless the 
solution is injected into the subarachnoid 
space anesthesia will not occur. 

When anesthesia of the perineal region 
is desired only 1 c.c. of spinocain is required 
Attach the 3 c.c. syringe containing I c.c. 
of spinocain to the spinal puncture needle, 
aspirate one or two drops of spinal fluid to 
reassure yourself that the needle has not 
been misplaced, then inject the contents of 
the syringe, immediately placing the 
patient in a 15° to 18° Trendelenburg posi- 
tion as measured by the tiltometer (Fig. 6). 
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If anesthesia is to be confined to the legs 
2 c.c. of spinocain is used. Aspirate I c.c. 
of spinal fluid into the syringe containing 


Fic. 9. Obstetrical position. 


the anesthetic solution, and then inject 
one-half the contents. Again aspirate I c.c. 
of spinal fluid and inject the contents of the 
syringe. This amount will be sufficient to 
bathe all of the lumbar nerves. The table 
is now placed in a 10° to 15° Trendelenburg 
position (Fig. 4). 

For anesthesia to the umbilicus 2 c.c. of 
spinocain is sufficient for short operations. 
For prolonged operations 2.5 to 3 c.c. 
should be employed in ratio to the antici- 
pated length of the operation. Into a 4 c.c. 
Luer-Lok syring aspirate 1 c.c. of spinal 
fluid; inject one-half the contents. Again 
aspirate 2 c.c. of spinal fluid and inject the 
contents of the syringe, placing the patient 
in a 7° to 10° Trendelenburg position. 

To extend the anesthetic to the sixth or 
seventh dorsal vertebra and anesthesia to 
the costal margin, draw up 3 c.c. of spino- 
cain into a 4 c.c. Luer-Lok syringe, aspirate 
1 c.c. of spinal fluid, inject one-half the 
contents, again aspirate 2 c.c. of spinal 
fluid, inject one-half the contents of the 
syringe and repeat this once again to make 
a total expansion of 8 c.c.; then inject the 
contents. Then place the patient in a 5° 
Trendelenburg position. 
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To produce intradural sacral anesthesia 
with the heavy solution have the patient 
sit up on the table, the back bowed out- 
ward, the elbows resting on the knees, 
and the head bent forward with the chin 
on the chest. Palpate along an imaginary 
line between the crests of the ilia to locate 
the fourth Iumbar interspace. Insert the 
spinal puncture needle as described. Aspi- 
rate 1 drop of spinal fluid to reassure 
yourself that the needle is in place and 
inject 0.5 c.c. of the heavy solution. 
Permit the patient to remain seated from 
three to four minutes to allow the anes- 
thetic to become fixed. Then place the 
patient in a Fowler’s position of 15° to 18° 
or reverse Trendelenburg. To secure anes- 
thesia of the legs aspirate 2.5 c.c. of 
spinal fluid into the syringe containing the 
0.5 c.c. of heavy solution, and inject the 
contents. Immediately place the patient in 
a 12° to 15° Fowler’s position. To secure 
anesthesia of the upper abdomen the 
patient should be placed on the side as 
described for the use of spinocain, but in a 
10° to 12° Fowler’s position. Into the 
syringe containing 0.75 c.c. of heavy 
solution aspirate 3 c.c. of spinal fluid. 
Inject one-half the contents of the syringe 
and again aspirate 2 c.c. of spinal fluid; 
inject the contents of the syringe. Keep 
the patient in an 8° to 10° Fowler’s position 
or elevate the head and shoulders with 
pillows. Luer-Lok syringe. This will carry 
anesthesia to the costal margin (Fig. 5). 
The heavy solution is not adaptable for 
operations in the pelvis or lower abdomen, 
unless the patient suffers from an asth- 
matic or cardiac condition and cannot 
breathe in a recumbent position. Ordinarily 
spinocain and a Trendelenburg position 
offer more advantages in this field. After 
the injection has been made withdraw the 
spinal puncture needle and cover the 
punctured wound with collodion and cot- 
ton or a small square of adhesive plaster. 

Turn the patient on the back and 
immediately adjust the table to the degree 
of Trendelenburg or Fowler’s position 
indicated. The line of anesthesia can be 
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sharply defined by familiarity with the 
technique, by accuracy as to the extent of 
expansion of the spinocain preparations, 
and by accurately determining the degree 
of Trendelenburg or Fowler’s position as 
measured by the tiltometer. 

If for any reason the aspiration and mix- 
ing cannot be accomplished satisfactorily 
the head of the table may be raised tem- 
porarily to allow the spinocain to ascend in 
the spinal canal, or lowered if the heavy 
solution has been used, but as soon as 
anesthesia is obtained at the desired point 
the patient should be placed in the Tren- 
delenburg or Fowler’s position as described. 
If this procedure is to be employed the 
patient must be watched constantly and 
tested for anesthesia. 

The ephedrine in the 1 c.c. ampules is 
suflicient to maintain blood pressure pro- 
viding the anesthetic does not extend above 
the sixth or seventh dorsal vertebra. If due 
to carelessness or improper technique, more 
of the vasomotor constrictors are anesthe- 
tized than should be, the ephedrine is not 
sufficient to overcome the vascular depres- 
sion that will ensue. 

Heavy and light solutions are almost as 
old as spinal anesthesia. In fact there is 
nothing new about regulating the specific 
gravity of the various solutions used for 
spinal anesthesia, but no means has pre- 
viously been attempted to overcome the 
toxicity of anesthetic agent. It has been 
definitely proved that amyloprolamine and 
propantriol not only produce viscous solu- 
tions that prevent dissemination and mix- 
ing with the spinal fluid, but they also 
reduce the toxicity of novocaine, permit- 
ting three and four times as much to be 
used without harm. They also tend to 
stabilize the degree of anesthesia and pro- 
long its duration. 

Spinocain has been taken up as a rou- 
tine anesthetic by innumerable operators, 
who have tried various other forms of 
spinal anesthesia and abandoned them as 
unsafe. 

The revived enthusiasm of spinal anes- 
thesia can hardly be estimated. An idea of 
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the interest that has recently been shown 
in spinal anesthesia was very well demon- 
strated at the annual meeting of the 
American College of Surgeons in Boston, 
and at the Tri-State Convention in Atlanta 
as at both of these conventions spinocain 
seemed to be the one topic of conversation 
and clinics where this method of anesthesia 
was employed were crowded to capacity. 

Never attempt to introduce a spinal 
puncture needle above the conus medul- 
laris, as it has been definitely shown that 
the injection of tropacocaine, novocaine 
and stovaine into the spinal cord will cause 
immediate death with typical medullary 
symptoms. The results were constant 
even with diminished doses of the drugs. 
This has been shown not to be a mechanical 
reaction but a toxic one as physiological 
salt solution failed to produce any recogniz- 
able effects. A review of a number of cases 
where sudden death occurred immediately 
after the injection showed conclusively 
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that this rule had not been adhered to. 
The author had the occasion to witness 
one of these in a Boston Hospital within 
the last two months. 

Injections should never be made outside 
of the lumbar spine, the height of anes- 
thesia to be regulated by the amount of 
mechanical expansion of the solution. 

Some time ago the author made the 
statement that within ten years conduction 
anesthesia, including spinal, would super- 
sede inhalation anesthesia in popularity. 
This seems to be materializing even sooner 
than was anticipated. Three of our leading 
universities are teaching spinal and conduc- 
tion anesthesia. How soon will it be before 
all of our medical schools will be compelled 
to fall in line? 

As a last word of warning do not attempt 
the use of this form of anesthesia until you 
are thoroughly familiar with the technique 
and the physiological actions of the solu- 
tions. 


SPINAL ANESTHESIA 


WITH SPECIAL REFERENCE TO ITS USE IN SURGERY 


HE purpose of this paper is to de- 
scribe a technique for safely producing 
surgical anesthesia of the entire body 
by the injection of an anesthetic solution 
into the spinal subarachnoid space. In my 
clinic, in a general surgical service, spinal 
anesthesia has been used almost exclusively 
for the past three and one-half years in all 
cases needing operations on structures 
below the diaphragm. The only exceptions 
have been where the anesthesia was needed 
for such a short period as to make it not 
worth while, e.g., ambulatory cases needing 
incision, drainage of fingers, abscesses, etc. 

Our method, in brief, consisted of a 
spinal puncture between the second and 
third lumbar vertebrae, the withdrawal of 
4 c.c. of cerebrospinal fluid into an ampule 
containing 0.1 gm. of neocaine, thorough 
mixing to produce rapid solution and then 
reinjection of the cerebrospinal fluid con- 
taining the dissolved drug. We found that 
this procedure gave surgical anesthesia 
almost up to the level of the nipples and 
allowed any operative procedure on all 
structures below the diaphragm. 

During this three and a half year period 
Over 3500 cases were operated upon and 
our experience with it leads us to feel that 
it is far superior to any other form of gen- 
eral anesthesia. As yet we have not found 
any contraindications to its use. Patients 
in very early childhood and advanced age 
tolerate it as well as young adults. Individ- 
uals with endocardial and myocardial 
changes, with renal diseases, respiratory 
diseases and metabolic disturbances are 
particularly suited for this type of anes- 
thesia. It is particularly indicated in 
patients requiring multiple operations, e.g., 
women in whom it is necessary to do a 
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cholecystectomy and appendectomy and 
then perhaps some form of suspension and 
perineal repair. Its particular advantage is 
that this type of anesthetic intercepts all 
impulses originating at the operative field 
and bound for the cerebrum, thus differing 
from all inhalation anesthetics. Crile 
showed that the latter allow impulses to 
reach the brain where they produce chro- 
matolysis of the cells, thus adding to the 
cerebral shock of the operation. 
Occasionally in doing multiple opera- 
tions such as those just described the spinal 
anesthesia alone did not last long enough 
to allow for completion of the entire pro- 
cedure and it was found necessary to finish 
under gas-oxygen-ether. The addition of 
the general anesthesia was very unsatis- 
factory and we began to search for a 
method of prolonging the spinal anesthesia. 
We began by gradually increasing the 
dose of anesthetic substance injected into 
the subarachnoid space and we found that 
the anesthesia was prolonged. slightly. 
When the dose was doubled, we prolonged 
the anesthesia almost 100 per cent. The 
increase in the dosage was accomplished in 
two ways: (1) At first instead of using 0.1 
gm. of the crystals we used 0.15 gm., and 
dissolved that in the same amount of 
cerebrospinal fluid as had been used in the 
smaller dose, namely, about 4 c.c. This 
gave anesthesia lasting from one hour and 
a quarter to two hours. Subsequently, we 
increased the dose in the same manner to 
0.2 gm. with perfect safety to the patient 
and a corresponding prolongation of the 
anesthesia. (2) The method of adding the 
crystal content of one ampule to that of 
another ampule before extracting the 
cerebrospinal fluid was somewhat cumber- 
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some so the second method was evolved: 
Each ampule containing 0.1 gm. was used 
as a separate receptacle for 4 c.c. of cerebro- 
spinal fluid, the latter acting as the solvent 
for the contained anesthetic. The combined 
amount of solution, namely, 8c.c. of cerebro- 
spinal fluid in which 0.2 gm. of the anes- 
thetic were dissolved, was reinjected into the 
spinal subarachnoid space and the opera- 
tion begun. 

During the course of the operation the 
patient asked for some water which he was 
allowed to drink. A complaint that he 
could not feel the water passing through 
his pharynx stimulated us to test out the 
level of the anesthesia of this particular 
individual and we found, much to our 
surprise, that it extended upward over the 
entire body, including the scalp. Upon 
further questioning the information was 
elicited that although the patient knew 
that the fluid was passing down into his 
gullet, he could not feel it in the pharynx. 
Repetition of the method in other patients 
confirmed the original observation that 
anesthesia of the entire body was produced. 
Since that time, we have used this method 
for operating on all parts of the body above 
the diaphragm, for such conditions as 
empyema, carcinoma of the breast, diseases 
of the thyroid, tumor of the tongue, 
operations on the scalp and skull. We have 
also used this form of anesthesia experi- 
mentally in the last 200 laparotomies for 
the purpose of testing the efficacy of the 
method. The level of anesthesia was deter- 
mined by piercing the forearm, ear lobe 
and skin of the forehead with a needle (Fig. 
1). In all of these cases the test demon- 
strated complete surgical anesthesia. In 
none of these cases have untoward effects 
been noted. Contrary to the hitherto gener- 
ally accepted idea of the effects of anes- 
thetics on the upper portion of the spinal 
cord and medulla there have been neither 
respiratory nor cardiac embarrassments. 
Apparently the anesthetic solution affects 
the sensory roots at the upper portion of the 
cord and also the bulb. How else could 
the anesthesia be explained? Yet, why no 
serious cardiac or respiratory failure? 
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TECHNIQUE 


Serious consequences might possibly 
follow the wholesale adoption of this form 


Fic. 1. Illustrating the criteria by which anesthesia of 
the head is determined experimentally in cases where 
abdominal operation was performed. Needles are 
shown piercing the ear-lobe, the skin of the forehead 
and the cheek. 


of anesthesia because of individual modifi- 
cations of the technique that will occur 
until more is known of the direct effect 
of the anesthetic solution on the upper cord 
and bulb, and also until it has been deter- 
mined in what concentrations the solution 
diffuses to those levels, and what factors 
modify such diffusion. Therefore, all the 
steps of the procedure shall be described 
carefully so that our technique may be 
followed with ease and with safety, and 
all the facts shail be stated accurately 
without extravagant claims for the method. 


We use the prone position for the spinal 
puncture. It is more comfortable for the 
patient, it yields more accurate cerebro- 
spinal fluid pressure readings, and an 
uncooperative individual can more easily 
be controlled. The sitting position is 
used only in severe scoliosis or extreme 
obesity where the median line of the back 
cannot be determined in the lateral 
position. 

All patients over sixteen years of age 
receive a preliminary hypodermic of 14 
grain morphine sulphate and {50 grain 
atropine sulphate. They are placed on the 
operating table in the lateral prone position 
and an assistant secures flexion of the trunk 
by approximating the head and the knees. 
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Since cooperation of the patient is not 
always procurable it is wise to be prepared 
to maintain the trunk flexion while the 


Fic. 2. 
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lumbar vertebrae. The thumb of the same 


hand (after the fingers determine the crest) 
locates the depression above the imaginary 


Fic. 3. 


Fic. 2. Illustrating the method of insuring cooperation of the patient during administration of the anesthetic. 
Besides complete flexion of the trunk obtained by approximating the head and lower extremities, fixation of the 
extended upper arm in the axilla of the assistant assures absolute immobility of the patient. 

Fic. 3. With the fingers of the left hand on the iliac crest and an imaginary line joining the superior limit of each 
crest running between the third and fourth lumbar vertebrae, the thumb locates the depression above. This 


spinal puncture is being done. It is possible 
for an individual of average strength to 
maintain such flexion easily in an unco- 
operative patient by applying a _ well- 
known wrestling principle. With the 
patient on the left side, the head approxi- 
mating the knees, and the arms extended 
overhead, if the assistant stands on the 
side of the table facing the patient, places 
his right arm around the neck and his left 
arm around the knees, both from behind 
forward so that the hands can be c:asped 
in front of the patient, the latter is rendered 
helpless (Fig. 2). The important feature 
beside clasping the hands is to be certain 
that the patient’s arms are extended 
overhead. 

The exposed portion of the back between 
the sacrococcygeal junction and the lower 
dorsal spine is painted with picric acid 
(6 per cent in 60 per cent alcohol) and a 
sterile towel is placed over the side of the 
patient above the sterilized field so that 
the crest of the ilium can be located by 
the operator with the fingers of one hand. 
An imaginary line between the superior 
part of both iliac crests crosses the spinal 
column between the third and fourth 


corresponds to the interspace between the second and third lumbar vertebrae which marks the injection site. 


line, that is, the interspace between the 
second and third lumbar vertebrae (Fig. 
3). At this point the puncture is made. 

Certain anatomical facts are worthy of 
mention at this time. For a more detailed 
description reference should be made to 
any of the standard textbooks of anatomy. 
The details herein contained are given 
solely because unfamiliarity with them is 
frequently conducive to failure in tapping 
the subarachnoid space. Many failures to 
procure surgical anesthesia by spinal injec- 
tion hitherto reported in the literature 
are fundamentally due to unsuccessful 
spinal taps. So, also, are many of the 
so-called “‘dry taps.” 

The base of the spinous process of the 
second lumbar vertebra is comparatively 
thicker than the others and this is regu- 
larly felt in locating the interspace between 
the second and third, namely, the injec- 
tion site. The axis of the interspace be- 
tween the lumbar spinous processes varies. 
That between the fifth and fourth lumbar 
is almost horizontal, whereas that between 
the vertebrae above is very slightly upward 
and forward. The distance between the 
bodies and spinous processes of the second 
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and third lumbar vertebrae is great enough 
to allow a needle introduced horizontally 
in the median line between the bases of 
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Fic. 4. Sagittal section of the lumbar spine showing the 
direction of the needle which is perpendicular to the 
surface of the skin (Labat). 


the two spinous processes to enter the 
subarachnoid space without impinging on 
any bony parts (Fig. 4). 

Attached to the base of each spinous 
process is the supraspinous ligament. 
Between each spinous process (running 
from one to another) are the interspinous 
ligaments and along the posterior wall of 
the spinal canal extends the ligamentum 
subflavum. Each of these can be felt by 
the penetrating needle, and the last is a 
dependable guide to the depth of the 
needle-point. Several trials enable one to 
identify the ligament easily by its charac- 
teristic resistance to the passage of the 
needle. 

The spinal dura is continuous with that 
which invests the brain. It is a loose sheath, 
unattached to the bony framework of the 
spinal canal and is separated from it by 
loose areolar tissue containing a plexus of 
veins. The latter are more numerous in 
front and on the sides. Very few are found 
posteriorly. The arachnoid, separated from 
the dura by a slight interval, the subdural 
space, is separated from the underlying 
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pia by a relatively large space, the sub- 
arachnoid space. This latter space, which 
attains its greatest dimensions at the lower 


Fic. 5. Cross-section between the second and third 
lumbar vertebrae showing the needle in the correct 
plane. 


part of the spinal canal, contains cerebro- 
spinal fluid. 

The spinal cord terminates opposite 
the lower border of the first lumbar 
vertebra (opposite the third lumbar verte- 
bra in the child). The lower spinal nerves 
between the first and second lumbar 
vertebrae, gathered into a bundle on either 
side of the filum terminale, pass down to 
form the cauda equina. The motor roots 
lie in front and the sensory roots lie behind. 
They are separated by an irregular cribri- 
form membrane, the downward prolonga- 
tion of the ligamentum denticulatum. 

The needle is introduced horizontally 
in the median line through skin, subcuta- 
neous tissue, supraspinous and interspinous 
ligaments, the ligamentum subflavum, the 
dura, arachnoid and, finally, into the sub- 
arachnoid space. It may be necessary 
occasionally to tilt the needle slightly 
upward. This necessity arises only when 
incomplete body flexion is secured. If the 
needle is introduced horizontally in the 
median plane of the body, cerebrospinal 
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fluid will be obtained at a depth of from 
4.5 to 5 cm. (Fig. 5). If the needle is 
introduced through the skin at an angle, 
the distance from the median plane 
becomes greater as the penetration 
increases. Therefore, although the intro- 
duction through the skin may be in the 
median plane, the needle may be 1 or more 
centimeters lateral to the spinal canal at 
a depth of 5 cm., and a so-called “dry 
be obtained. 

When the needle is known to have 
entered the subarachnoid space, the stylet 
is withdrawn and cerebrospinal fluid is 
allowed to flow into and fill the globular 
portion of the ampule containing the 
crystals of neocaine. Between 3.5 and 4 c.c. 
of fluid are required. If the proposed 
operation is a short one (lasting less than 
forty-five minutes) and involves structures 
below the diaphragm, an ampule con- 
taining 0.1 gm. of the drug is sufficient. 
If the procedure is to extend over three- 
quarters of an hour but less than two 
hours and the site of operation is below 
the diaphragm, 0.2 gm. neocaine dissolved 
in 4 c.c. of cerebrospinal fluid is adequate. 
When, however, the operation involves 
the upper portion of the trunk or head, 
0.2 gm. should be dissolved in 7.5 to 8 c.c. 
of cerebrospinal fluid. Since the ampule 
containing 0.1 gm. holds only 4 c.c. of 
fluid, it is necessary to fill two ampules. 

The filled ampoules are placed on a 
sterile surface and the fluid drawn back 
and forth into a syringe to insure complete 
solution. This occurs readily. The entire 
solution (4 or 8 c.c., depending upon the 
duration and level of anesthesia) is drawn 
into a syringe. The needle used in emptying 
the ampule {is discarded, the stylet of the 
spinal-tap needle is removed, and the 
syringe is fitted to the latter. The fluid 
is then injected under the force and at 
the rate of an ordinary hypodermic injec- 
tion. The force and rate are the same 
irrespective of the level or duration of anes- 
thesia desired. After the injection is com- 
pleted the needle (with the syringe still 
attached so that no fluid is lost) is sharply 
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withdrawn. The patient is immediately 
placed in whatever position is necessary 
for operation. At this time, it is of para- 
mount importance that the head be 
placed at a lower level than the trunk. If 
the dorsal recumbent position be used, 
Trendelenburg inclination of about 8 to 10 
degrees is adequate. If the operation 
involves the exposure of a kidney angulat- 
ing the table under the loin accomplishes 
the same end. 


OPERATION 


The field of operation is then prepared 
by proper sterilization and draping. As 
soon as this is accomplished it will be 
found that the anesthesia is complete, so 
that the operation may be begun. If any 
doubt exists in the mind of the operator 
regarding the possibility of proceeding 
with the incision the patient should be 
questioned regarding the sensations com- 
ing from the feet. The reply that they are 
numb or tingle is confirmation of sufficient 
anesthesia to begin operating. 

At first pain sensation is abolished; but 
sensitive patients know that the operative 
field is being invaded because pressure 
sense remains. Shortly afterward (within 
three minutes) the pressure sensation 
also disappears. The patient, then, is not 
conscious of any impulses originating 
from the site of operation. 

As the incision is made through the soft 
parts it is commonly noted in these cases 
that there is less bleeding than is en- 
countered with other forms of anesthesia. 
This is readily explained by the drop in 
blood pressure which usually occurs a 
few minutes after the subarachnoid injec- 
tion. The muscles are markedly relaxed 
so that little retraction is necessary. If 
the operation be upon an intra-abdominal 
organ, one is impressed by the complete- 
ness of the relaxation of the intestines. 
Instead of protruding from the wound and 
necessitating the use of restraining laparo- 
tomy pads with the attendant peritoneal 
trauma, the bowels fall back from the 
wound area so that elevation of the wound 


New Series Vot. V, No. 6 


edges by gentle upward retraction allows 
inspection of an extensive field in the 
abdomen. The volume of space which the 
intestines normally occupy is now con- 
siderably diminished because the anesthesia 
produces marked contraction of the intes- 
tinal wall as a result of splanchnic inhibi- 
tion with consequent vagal preponderance. 
This aids inspection of the cavity. When 
this condition is contrasted with that 
generally found under ether narcosis, 
namely, marked distention of the bowel; 
the difference is truly striking. 

In a considerable number of cases, 
shortly after the operation is begun, vomit- 
ing movements occur. These are quite dis- 
tressing, lasting but a short time (rarely 
more than two minutes) and then relaxa- 
tion is complete again. The respiratory 
excursion of the diaphragm becomes regu- 
lar, slow and diminished in amplitude. This 
results in decreased excursion of the 
abdominal viscera. Consequently, abdom- 
inal surgery technically is considerably 
simplified. 

Occasionally, within five or ten minutes 
after the spinal injection, involuntary 
defecation occurs as a result of the violent 
intestinal movements. Where a rectal 
operation is to be done the bowel should be 
thoroughly emptied the day before. If this 
is not done, the operative field may be kept 
clean by introducing a gauze plug into the 
rectum. The relaxation of the anal sphinc- 
ter encountered under this form of anes- 
thesia is never equalled except in death. 
This relaxation is a great aid in anal and 
rectal operations. 


MORTALITY 


Is the anesthesia safe? We have not as 
yet had a fatality directly attributable to 
the anesthesia. One patient who expired on 
the table was a man of sixty-seven operated 
on forty-eight hours after the onset of acute 
intestinal obstruction which operation dis- 
closed to be due to an annular carcinoma 
of the cecum. He was so dehydrated and 
so highly toxic that only with reluctance, 
and because of the minimizing effect of 
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spinal anesthesia on operative trauma, was 
the operation undertaken. Another death 
occurred in a highly toxic diabetic patient 
of sixty-two with a rapid spreading gan- 
grene of the foot and leg. During the course 
of a guillotine operation at the middle 
third of the thigh, his pulse suddenly 
became imperceptible and stimulation failed 
to restore the circulation. Another fatality 
occurred in a child of six. She had been 
treated with ice-bags at home for a sup- 
posed appendicitis and the abdomen was 
sectioned three days after the onset of the 
illness on a provisional diagnosis of obstruc- 
tion. At this time she was thoroughly 
dehydrated, highly toxic and but a degree 
removed from morbidity. At operation a 
Meckel’s diverticulum was found to have 
caused complete obstruction and gangrene 
of about 4 feet of small intestine. During 
the resection her life ebbed out. The fourth 
death occurred in a woman aged fifty-two 
who had been bedridden for three years 
because of a severe myocarditis with 
several attacks of decompensation and who 
came to operation for a suppurative appen- 
dicitis with localized suppurative peritoni- 
tis of three days’ duration. Appendectomy 
was done, drainage was instituted, and the 
wound closed. After the dressings were 
applied, and as the patient was about to 
be transferred to the stretcher for trans- 
portation from the operating room, she 
ceased to breathe suddenly and the heart 
beat became imperceptible. The wound 
was opened quickly and trans-diaphragm- 
atic massage of the heart instituted. 
Intracardiac stimulation and artificial 
respiration failed, however, to prevent 
death. 

The details of these 4 cases are cited so 
that clinically the cause of death might be 
checked as far as possible, no autopsies 
being obtained. In each instance the 


patient was highly toxic, and with the 
exception of the third case, there was 
marked anhydremia. All 4 were very poor 
operative risks and in those with intestinal 
obstruction the operation would probably 
not have been undertaken had it not been 
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believed that the spinal anesthesia would 
be an ally rather than a deleterious factor. 
It is noteworthy that death did not occur 
as a frank accident in any of the elective 
cases operated upon. Out of the entire 
series, comprising almost 3500 cases, at 
least 2000 were of the elective variety. It is 
our belief that death would have occurred 
at least as certainly under any other form 
of anesthesia. Nevertheless, these 4 fatali- 
ties are reported as possibly having been 
contributed to by the spinal block. 


AGE 


In children under eight years of age we 
use smaller doses of the drug. Between the 
ages of two and eight we inject one-half of 
the 4 c.c. of cerebrospinal fluid used to 
dissolve 0.1 gm. of drug. Below two years 
of age we use approximately one-third of 
the ampule. The youngest child in the 
series was two weeks old. We have recently 
used the double dose in a girl of seven for a 
craniectomy for depression of skull frag- 
ments following fracture. The anesthesia 
complete. 

Aged patients are treated in the same 
way as young adults. The oldest patient 
subjected to this form of anesthesia was 
eighty-six years of age. The elderly patients 
seem to tolerate it better, if possible, than 
the younger ones. It is a common occur- 
rence to have them ask as they are being 
taken back to the wards from the operating 
room when they are going to be operated 
upon. 


TYPES OF OPERATIONS 


The variety of procedures carried out 
under spinal anesthesia in this clinic is 
indicated by the following list: 

1. Amputation of lower extremity up 
to hip. 

2. Embolectomy of 
artery. 

3. Herniotomy. 

4. Reduction of 
dislocations. 

5. Operation for osteomyelitis, lower 
and upper extremity. 


external iliac 


fractures and 
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. Appendectomy. 

. Excision of rectum for carcinoma. 

. Colectomy. 

. Enterectomy. 

. Hemorrhoidectomy. 

. Anterior and posterior colporrhaphy. 

. Tracheloplasty. 

. Interposition operation. 

4. Repair of vesicovaginal and recto- 
vaginal fistulae. 

15. Salpingo-oophorectomy. 

16. Hysterectomy. 

17. Hysteropexy. 

18. Nephropexy. 

19. Nephrectomy. 

20. Nephrolithotomy and pyelotomy. 

21. Uretotomy. 

22. Prostatectomy. 

23. Cholecystectomy, choledochotomy, 
and cholecystenterostomy. 

24. Splenectomy. 

25. Gastrectomy, pylorectomy, pyloro- 
plasty and gastroenterostomy. 

26. Costatectomy and thorocotomy. 

27. Radical mastectomy. 

28. Embolectomy of the axillary artery. 

29. Thyroidectomy. 

30. Resection of cervical glands. 

1. Excision of tumors of the tongue, 
face and scalp. 

32. Crainectomy. 

33. Mastoidectomy. 

34. Nasal plastic. 

35. Caesarian section. 

Two of our associates, Drs. Edward L. 
Berger and Nathan D. Wolf have per- 
formed mastoidectomies under spinal anes- 
thesia administered by this method. They 
commented favorably upon the patients’ 
freedom from pain and made particular 
reference to the similarity to cadaver work 
because of anemia of the operative field. 

In many instances, multiple operations 
were performed in the same patient. For 
example, many women have had a trachelo- 
plasty, anterior and posterior colporrhaphy, 
sterilization, appendectomy and ventral 
uterine fixation performed at one sitting. 
Occasionally it was found necessary to add 
a cholecystectomy, through another inci- 
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sion of course, to treat thoroughly all the 
pathological conditions. In many instances 
it would not have been safe to do so many 
and varied operations on one individual 
under any other form of anesthesia. A not 
infrequent combination has been hyster- 
ectomy, cholecystectomy, appendectomy 
and perineorrhaphy. 


PHYSIOLOGY 


The anesthesia is apparently due to a 
block of the posterior roots of the spinal 
nerves which is similar to the block pro- 
duced in the physiological laboratory by 
the action of chloroform, ether, etc., on the 
ischiadic nerve of the ischiadic-gastrocne- 
mius preparation. 

Testing the degree of sensation after 
injecting the anesthetic solution reveals a 
sudden and complete fall in conductivity. 
This can only be in the roots or in the cord 
itself because it is only there that the 
anesthetic solution comes into contact with 
nerve tissue. The property of conductivity 
is abolished very early, thus allowing 
operative trauma without sensation almost 
as quickly as the operative field can be 
sterilized and draped. The action of the 
anesthetic agent on nerve tissue depends 
upon an affinity between it and the lipoid 
substance in the nerve, a physiochemical 
solubility reaction occurring at the point 
of application. There is a relatively high 
saturation of the tissues with the anesthetic 
and a very rapid fixation by the lipoidal 
reaction. The union between the anesthetics 
of the cocaine group and nerve elements 
is a comparatively unstable one, unlike 
that of the quinine group. It results in rapid 
and complete interruption of conductivity 
particularly of sensory fibers. 

The old ideas set forth in many works 
regarding the rate of diffusion of anes- 
thetics introduced into the spinal canal, the 
factors which influenced diffusion and 
particularly the postural control of such 
diffusion are to our minds in need of con- 
siderable revision. 

It must be remembered that fixation of 
the anesthetic solution by the nerve lipoids 
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occurs rapidly and unless special factors 
are brought into play the amount of 
diffusion of 4 c.c. of the solution reinjected 
after withdrawal of that amount of cerebro- 
spinal fluid will always be quite constant. 
The withdrawal of a greater amount of 
cerebrospinal fluid is an important modify- 
ing factor n determining the level of 
anesthesia. If the amount* of fluid rein- 
jected be kept constant, the greater the 
quantity withdrawn the greater will be the 
diffusion and, therefore, the higher the level 
of anesthesia. This is in accordance with 
the well-known physical law that the dif- 
fusion of liquids under pressure is inversely 
proportional to the pressure. The diminu- 
tion of the cerebrospinal pressure caused 
by withdrawing a greater quantity of fluid 
causes greater diffusion of the reinjected 
fluid. It was recognized in a general way 
by those advocates of spinal anesthesia 
who advised against the withdrawal of 
cerebrospinal fluid, because of the possi- 
bility of the reinjected anesthetic solution 
reaching vital medullary centers. 

This is in accord with the glass-tube 
experiment performed by Wells! in which 
he uses a glass tube of a length and caliber 
proportional to the average spinal canal 
with a piece of rubber tubing }4 in. long 
attached to the lower end. The apparatus 
is held upright, is filled with water and both 
ends are sealed. A needle attached to a 
syringe filled with methylene blue is intro- 
duced into the lumen of the tube through 
the rubber. When the methylene blue is 
injected, it remains in the lower few inches 
of the tube. If one-half of the water is 
removed from the tube and then the color- 
ing matter is reinjected, it is seen to pass 
to a much higher level. Again, if from the 
remaining half of the water, two-thirds 
are removed into the syringe and reinjected 
with methylene blue, the entire contents 
of the tube become colored. 

Of course, reasoning by analogy is in 
itself very often productive of errors. In 
this instance it must be remembered that 
the cerebrospinal system is not hydro- 
static and therefore cannot be compared 


562 American Journal of Surgery 
with such a system without allowing for 
the difference. The hydrodynamics of the 
cerebrospinal system have not been studied 
sufficiently. The data at hand is insuffi- 
cient. The variations in pressure along the 
system from the chorioid plexus to the 
point of absorption of the fluid are not 
known, nor are the factors which maintain 
and regulate the flow. 

Increased diffusion, giving a_ higher 
level of anesthesia, may be produced by 
withdrawing a greater quantity of fluid, 
using it all as the solvent for the drug, and 
reinjecting it in toto. By this means we 
secure a diffusion up to the brain. 

When the increased dose and the 
increased amount of solvent is used, and 
anesthesia of the head is obtained, cardiac 
and respiratory paralysis do not occur. 
At least one important factor in the pre- 
vention of *hat paralysis is the fact that 
the anesthetics of the cocaine group have a 
partial selective. affinity for the sensory 
nerves. This selectivity of drugs for partic- 
ular fibers is well known. In animal 
experimentation conduction anesthesia is 
best tested on the sciatic nerve by applying 
the anesthetic solution to a chosen seg- 
ment of the nerve and testing for the 
disappearance of sensory conduction by 
stimulating peripherally and, conversely, 
for the disappearance of motor conduction 
by stimulating centrally. 

According to Kochs,? the sensory con- 
duction of the sciatic is lost after one 
minute, while the motor is not at first 
affected. Santesson* found that direct 
contact with 5 per cent solution of cocaine 
hydrochloride broke sensory conduction so 
completely that the strongest tetanic 
stimulation peripheral to the treated area 
was no longer able to produce a reflex, 
while the same concentration left the motor 
conduction unchanged for about one hour. 
Alms‘ found the threshold concentra- 
tion for interrupting sensory conductivity 
attainable with much greater dilutions of 
anesthetic than for the motor interruption. 

In studying the various types of nerve 
conduction in the vagus trunk above and 
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below a cocainized area, Dixon® found that 
the centrifugal cardio-inhibitory vagus 
fibers lose their conductivity while the 
centripetal reflexly acting respiratory and 
circulatory fibers retain their conductivity. 

There are other examples of the differ- 
ence between sensory and motor elements. 
Sensory nerve endings are poisoned by 
cocaine but are not affected by curara. 
The motor endings are paralyzed by 
curara. Ammonia is a very strong stimu- 
lant to sensory endings in a wound, pro- 
ducing violent pain, but has scarcely 
any effect on motor nerves. 

The selectivity of the cocaine group 
anesthetics for sensory fibers is only an 
extreme expansion of a general rule. The 
same differences are found in the reactions 
of the motor and sensory fibers to chloro- 
form and ether. Hitzig® first demonstrated 
the disappearance of cerebral cortical 
sensibility long before the abolition of 
motor functions: ‘Even when every trace 
of reflexes has disappeared, and even the 
most intense sensory stimulation such as 
pulling on the dura and strong induced 
currents applied to mucous membranes 
of the nose, produced reflexes no longer, 
certain cortical motor areas still responded 
to stimuli.” 

Morphine even when given intrave- 
nously does not abolish cortical motor 
functions, whereas it has profound effect 
on the cortical sensory area. 

Bernstein’ demonstrated the paralielism 
between the spinal cord and the cerebrum 
as regards the effect of chloroform and 
ether on the motor and sensory fibers. 
He blocked the circulation to the lower 
part of the cord, and thus protected it 
from the chloroform circulating in the 
blood. The motor apparatus of the upper 
part, although exposed to the chloroform, 
still responded to impulses coming from 
the lower part of the cord, while the sensory 
mechanism of the poisoned section 
remained completely insensitive. It there- 
fore appears that everywhere in the central 
nervous system the motor mechanism is 
particularly resistant to narcosis. 


\ 
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Fic. 6. The nerve of a nerve-muscle preparation is 
passed through a glass tube which is made air-tight 
by plugs of normal saline clay surrounding the nerve 
at the two ends of the tube. By means of two Iateral 
tubulures narcotic vapor is passed through the tube. 
The nerve is alternately stimulated by two electrodes, 
the inner testing the action of the drug on excita- 
b'l'ty while the outer shows the effect on the con- 
ducting power of the nerve within the chamber. 


stage of poisoning by anesthetics in which 
conduction in sensory fibers has long since 
been interrupted. It is this property of 
selectivity, dependent upon inherent dif- 
ferences in nerve-fiber endings and cells, 
which participate in the explanation of the 
phenomenon of surgical anesthesia of the 
entire body without respiratory or cardiac 
paralysis. 

There is another factor which con- 
tributes to the possibility of such anesthe- 
sia. Nerve fiber possesses two separate and 
distinct properties; viz. excitability and 
conductivity. That these properties are 
separable has long been known. If part of 
the nerve of a frog gastrocnemius-ischi- 
adicus preparation is enclosed in a chamber 
into which anesthetic vapor can be intro- 
duced and the nerve stimulated by two 
electrodes (Fig. 6), one within the chamber 
and the other peripheral to the chamber, 
and the muscular responses charted, a 
graph such as is shown in Figure 7 will 
be obtained. It is seen that the responses 
from the muscle on stimulation by the 
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Thus, respiratory movements, initiated 
by purely automatic motor centers, may 
be maintained despite the existence of a 
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chamber electrode begin to diminish in 
amount as soon as the vapor comes in 
contact with the nerve, and this diminution 
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Fic. 7. Graph of outer electrode; response showing 
effect on conductivity. Graph of inner electrode; 
response showing effect on excitability. 


increases by a definite decrement as the 
anesthetic continues its action. The peri- 
pheral electrode through which a stimulus 
of the same intensity is sent evokes a 
response which continues without decre- 
ment even though the anesthetic action 
proceeds. Ultimately, however, when the 
response to the stimulation by the chamber 
electrode has diminished considerably in 
amplitude, but is still present, there is a 
sudden and complete cessation of response 
to stimulation by the peripheral electrode. 
Continued application of the anesthetic 
results in a further gradual diminution in 
amplitude of response to stimulation by 
the chamber electrode until finally zero is 
reached. Removal of the anesthetic vapor 
from the chamber and continued stimula- 
tion at both points shows an immediate 
and gradual return in amplitude of 
response on stimulation by the chamber 
electrode and a much Iater, sudden and 
complete return of maximal response on 
stimulation by the peripheral electrode. 
This can only be interpreted as meaning 
that with the vapor acting on the nerve 
within the chamber, there is a gradual loss 
of irritability of the contained part of the 
nerve, whereas the unaffected portion of 
the nerve remains normally excitable. As 
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the anesthetic continues its action and 
gradually diminishes the excitability of 
the contained portion, during which time 
the external portion of the nerve retains 
its excitability as is shown by maximal 
response, there is a sudden change in the 
nerve within the chamber which has the 
effect of preventing the impulse generated 
in the highly excitable nerve by the 
peripheral electrode, from passing down 
to the muscle. In other words the con- 
ductivity is interrupted. The interruption 
of conductivity always comes quite some 
time before the excitability is completely 
lost. Applying this to the action of anes- 
thetic solutions on the medulla and upper 
cord it can be seen that it is possible 
to have anesthetic action to the point of 
interruption of sensory impulses in nerve 
fibers and yet be far from a complete 
depression of excitability of nerve cells. 
Thus, sensory impulses en route to the 
cerebrum may be stopped in the medulla 
because conductivity is interrupted, where- 
as the cardiac and respiratory nerve centers 
in the medulla, although their excitability 
is lowered, can still respond to the physico- 
chemical stimuli furnished by the blood 
by the initiation of motor impulses. 

This factor and the selective affinity 
of the cocaine group anesthetics for sensory 
fibers explain the possibility of complete 
anesthesia of the entire body without 
respiratory or cardiac failure. 

Manometric determinations of the cere- 
brospinal pressure were made in a large 
number of cases. It was found that the 
velocity of the flow from the needle lumen 
or the number of drops per minute was no 
indication at all of the height of pressure. 
Thus, with a flow of 20 drops to the minute 
it is possible to have a manometric pressure 
registration of 20 mm. mercury and 
conversely, when the spinal fluid emerges 
from the needle in astream, the manometric 
pressure may not be above 10 mm. 
Velocity of flow must be sharply distin- 
guished from pressure and must not be 
used as an indication of the latter if any 
degree of accuracy is desired. 
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In our cases we found a higher average 
cerebrospinal fluid pressure than the text- 
books describe. It ranges between 12 and 
20 mm. mercury. These readings were all 
taken in the lateral prone posture, higher 
results being obtained when the registra- 
tions were made in the sitting position. 

The older literature is mainly contro- 
versial on theoretical considerations of 
pressure measurements. What is very 
essential at this time is the accumulation 
of more data for the determination of 
normal limits of pressure. For example, 
why consider an individual who has 
suffered a head injury and in whom the 
manometer cerebrospinal pressure reading 
is 16 mm. mercury as having increased 
intracranial pressure for which treatment 
must be instituted when that pressure 
may well be within normal limits. More 
readings by many men and the reports 
of such observations will be very profitable. 

In our first 500 cases operated under 
spinal anesthesia before the method was 
used for surgery above the diaphragm very 
careful blood-pressure records were kept 
and it was astonishing to note the varia- 
tions encountered. It was found to be 
impossible to predict in any case, with any 
degree of accuracy, what would happen to 
the pressure after the injection. In some 
instances there would be no appreciable 
change. Other patients would show a 
maximum fall of 8 or 10 mm. mercury. A 
fairly large number would have a drop of 
between 20 and 30 mm. within ten minutes 
from the time of injection and this fall 
would be sustained for approximately 
three-quarters of an hour, the return to 
normal immediately preceding the return 
of sensation. Some would drop from 40 to 
75 mm. within ten minutes after anesthesia 
administration and within another ten 
minutes would be back to within 20 mm. of 
the normal. In at least 5 per cent the pres- 
sure would drop within ten minutes to such 
a level that no radial pulse could be felt nor 
could the pressure be registered by mano- 
meter. At first this was very alarming, and 
all types of stimulation were resorted to. 
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Adrenaline intravenously, caffeine, strych- 
nine, etc. were all tried; but it was finally 
concluded that with them or without them 
the pressure would return if the patient 
had been placed in the Trendelenburg 
position. In some of the cases where the 
pressure was not ascertainable because it 
was so low, the heart beat could readily be 
felt through the diaphragm. The collapse 
was a vascular one, not cardiac. 

This is readily explainable. Every organ 
in the body requires an increased blood 
supply during activity. To accomplish 
this blood must be diverted from inactive 
to active tissues. This is brought about by 
a regulatory mechanism in the central 
nervous system. If the spinal cord be sec- 
tioned on a level with the origin of the first 
dorsal spinal nerve, the blood pressure 
sinks considerably even though there Is a 
concommitant acceleration of the heart 
rate. The fall must, therefore, be due to a 
change affecting the blood vessels and 
lowering the resistance to the flow of blood. 
On making the section at the level of origin 
of the sixth dorsal nerve the fall is almost 
as great. Stimulation of the peripheral end 
of the cut cord causes a universal vasocon- 
striction and a corresponding rise in pres- 
sure. Section of the crura cerebri on the 
brain stem at the upper border of the 
fourth ventricle does not produce a fall in 
pressure. Destruction of a small portion of 
the medulla on either side of the mid-line 
in the neighborhood of the facial nucleus 
causes an immediate and maximal lowering 
of blood pressure. Stimulation of the 
anterior cervical or lower lumbar and sacral 
nerves has no influence on the blood pres- 
sure whereas stimulation of any anterior 
roots from the first dorsal to the third 
lumbar causes a rise of pressure. This same 
rise can be produced by stimulation of the 
white rami communicates from the ante- 
rior roots of the sympathetic system or by 
excitation of the sympathetic itself. This 


leads to the conclusion that all the vessels - 


in the body are kept in a state of tonic 
contraction by impulses arising in a chief 
vasomotor center in the medulla and 
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travelling down to the dorsal and upper 
lumbar regions of the cord from whence 
they leave to enter the sympathetic system 
by way of the white rami. 

The great fall of pressure observed after 
section of the cord at the first dorsal seg- 
ment is not permanent. After a few hours 
the pressure begins to rise and ultimately 
may reach a level almost as high as before 
the section. If the spinal cord of such an 
animal be destroyed, the pressure falls to 
zero and the circulation ceases because the 
animal “bleeds to death” into its own 
blood vessels. There must, therefore, be 
accessory vasomotor centers in the spinal 
cord probably in the gray matter of the 
lateral horns. 

The nerve control of the blood vessels is 
maintained by two sets of fibers, one being 
motor or constrictor and the other inhibi- 
tor or dilator. The study of the origin and 
distribution of these fibers reveals that all 
the vasoconstrictor nerves of the body 
leave the spinal cord by the anterior roots 
of spinal nerves from the first dorsal to the 
third or fourth lumbar nerves inclusive, to 
go by way of the white rami communicantes 
to sympathetic ganglia. The most impor- 
tant vasomotor nerve is the splanchnic. It 
receives the major portion of fibers forming 
the white rami from the lower seven dorsal 
and upper two or three lumbar roots. The 
latter often take a separate course and are 
referred to as the lesser splanchnic. The 
greater splanchnic nerve supplies all the 
abdominal viscera and section of it causes 
a tremendous fall in the general blood 
pressure. 

In spinal anesthesia (which is essentially 
a conduction root anesthesia) there is an 
interruption of impulses passing through 
the roots. Amongst other intercepted 
impulses are vasomotor stimuli coming 
from the medullary and spinal centers. The 
failure of the latter impulses to reach their 
destination results in a marked relaxation 
of the vessels whose tone they previously 
maintained. Since this anesthesia affects 
some, if not all, the lower dorsal roots, the 
splanchnic impulses are intercepted. The 
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complete loss of all their impulses can pro- 
duce vascular relaxation in the abdominal 
vessels sufficient to hold all the blood in the 
body. This would cause a tremendous fall 
in blood pressure, so great perhaps that the 
brachial pressure could not be recorded. 
The brain, however, always demands a 
normal supply of blood and with such a 
marked splanchnic vasodilatation a sufli- 
cient supply to the brain can only be main- 
tained by gravity drainage to the heart 
through the medium of the Trendelenburg 
position. Failure to utilize the Trendelen- 
burg position results in fatal bulbar and 
cerebral anemia not due to cardiac paraly- 
sis but to an inability of the heart to receive 
enough return blood tosend on tothe brain. 
The condition might be compared to an 
internal hemorrhage, the bleeding being 
into the relaxed vessels of the abdominal 
cavity in which the venous pressure is nil 
and from which no blood is being returned 
to the heart. 

With the Trendelenburg position it 
does not matter how great the fall in 
pressure may be. The vital nerve centers 
will not be inactivated. The literature on 
spinal anesthesia is replete with contra- 
indications to its use, amongst which a 
generally cited one is hypotension. To us 
this is not tenable because it is firmly 
believed (on the basis of many experiences 
during operations where there was no 
recordable brachial artery pressure for a 
time) that with the patient in Trendelen- 
burg posture there is no pressure too low 
to withstand operation. We have operated 
on patients for ruptured tubal pregnancies 
(in whom, despite treatment for shock 
and hemorrhage, the pressure did not rise 
above 55 mm. of mercury) with perfect 
equanimity as to the effect of the anesthetic 
and have not had reason to change our 
opinion. 

When the higher level anesthesia was 
begun, it was feared that the blood pres- 
sure falls might be greater and more 
sustained. Apparently, it is not so. It 
must be remembered that separating the 
motor from the sensory roots is the liga- 
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mentum denticulatum so that only near 
the site of puncture is the anterior diffusion 
great enough to affect thoroughly the 
anterior roots and their contained vaso- 
motor fibers by sufficient saturation. 

At present, and for some time past, we 
no longer record the blood pressure, feeling 
that the Trendelenburg position is the 
only necessary safeguard. Nor do we use 
vascular stimulants. It might be mentioned 
here that stimulants affecting the vaso- 
motor centers would of course be of little 
value since impulses emanating from them 
could not pass the blockade. To increase 
the pressure it would be necessary to use 
drugs which act directly on the vessels. 
Cardiac stimulants are of little value unless 
fluid volume is also supplied to the heart. 


APPLICABILITY 


In many cases needing surgical treat- 
ment the choice of anesthesia is a matter of 
vast importance. The remarkable develop- 
ment of local, regional, paravertebral, 
splanchnic, etc. forms of anesthesia is a 
good indication of the failures of the inhala- 
tion method to fulfil the requirements of 
satisfactory anesthesia. These are safety, 
universal applicability, maximal relaxa- 
tion, blandness in the sense that tissue 
irritation is not produced, ease of adminis- 
tration and freedom from shock. 

It is believed that spinal anesthesia 
fulfils these requirements as no other 
method does. Quoting Bastron:* “It is not 
stretching the truth when I say that with 
faultless technique, 
talities and bad effects should be fewer 
than with ether anesthesia.’’ With the 
additions previously discussed the method 
is universally applicable. No other anes- 
thesia can favorably compare with it in 
the production of muscular relaxation. 
While the relaxation encountered in 
abdominal operations is remarkable, per- 
haps a more striking demonstration is the 
effect on muscular spasm in fractures and 
dislocations. It is sufficient to see a 2 or 3 
inch overriding of fragments of the femur 
in an adult easily reduced in two minutes 
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under the fluoroscope by the surgeon’s pull 
of less than 50 lbs. tension to convince 
one of the profound effect in diminishing 
muscle tone. This diminution in tone is 
occasioned by the root block and is quite 
comparable to the laboratory experiment 
on the frog in which the entire central 
nervous system, excepting the spinal cord 
has been ablated, and then the nerves 
going to the left hind leg sectioned. The 
interruption of continuity of the reflex 
arc in such an animal by section of either 
anterior or posterior roots produces a 
complete loss of muscle tonus. 

Excepting for the local trauma of the 
needle during the introduction there is no 
tissue irritation. The contrast with the 
effect of ether on the respiratory mucosa 
is very marked. 

Any one who can do a lumbar puncture 
can induce spinal anesthesia; the method is 
reasonably “fool proof.” There are very 
few movements necessary; no situation 
where individual judgment is necessary 
ever arises after administration; the only 
time when judgment is required is as to the 
dosage for various patients, e.g. for babies, 
children, adults. There are no contra- 
indications to its use except local infections 
at puncture site and cerebellar neoplasms. 

Spinal anesthesia prevents operative 
shock. The blockade of shocking impulses 
coming from the operative field has a 
very beneficial influence on the central 
nervous system, and is at least as effica- 
cious in producing the anoci-association of 
Crile as is local injection. 

Special Indications. Thus, this form of 
anesthesia more nearly fulfils the require- 
ments of the ideal anesthetic agent and 
method than any other. It is especially 
indicated in many conditions. Prominent 
amongst these is intestinal obstruction. 
Here, to combat the marked distention, 
the paralysis of the bowel in ileus of longer 
duration, to allow of gentle handling of 
tissue, to diminish shock of operative 
trauma, we have an ideal anesthetic. The 
abdominal wall becomes relaxed, the intes- 
tines do not project out of the incision, lap 
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sponges are not needed to restrain the 
intestinal tract and thus peritoneal trauma 
is minimized. Furthermore the paralysis 
of the splanchnic inhibitory impulses allows 
a preponderance of vagus augmentor action 
which helps bring back intestinal tone. 

Advanced cardiac disease is another 
definite indication for its use. Here, partic- 
ulirly with failing compensation, the 
greatest strain is upon the right side of the 
heart. The induction of anesthesia is 
accompanied by an effect comparable to 
phlebotomy, the drainage being into the 
abdominal veins. The fall in pressure rests 
the heart and its burden is considerably 
lightened throughout the duration of the 
anesthesia. 

In advanced pulmonary diseases, com- 
plete freedom from pain without the dan- 
gerous irritation to the mucosa of the 
tracheobronchial tree, common to inhala- 
tion anesthetics, can easily be produced. In 
empyema thoracis necessitating costatec- 
tomy it is of considerable value. With local 
anesthesia a rib may be resected with 
facility but almost always when the cavity 
is opened to drain off the pus, no matter 
how slowly the latter is allowed to escape, 
there is a very distressing and sometimes 
dangerous dyspneic period. This is always 
avoided under spinal block. 

In advanced renal disease it is highly 
essential to minimize anesthetic irritation 
of the kidneys. All inhalation anesthetics 
are more irritating than spinal. Intrathecal 
anesthesia is indicated especially in alco- 
holics since they require much greater 
amounts of inhalation anesthetic and 
usually have associated renal involvement. 
Such patients give far fewer premonitory 
symptoms of impending disaster with inhal- 
ation narcosis than the average case. For 
this reason, also, is spinal block of partic- 
ular advantage. 

Surgical patients with hypertension may 
be operated to advantage under spinal 
block. Ether and nitrous oxide both stimu- 
late and raise the general blood pressure 
and are therefore not as well borne by 
hypertension cases. 
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In the aged, anemic or cachectic patient 
needing surgery the problem of anesthesia 
is ideally solved by spinal block. The inhal- 
ation anesthetics have a hemolysing effect 
on the blood and irritate the kidneys and 
broncho-pulmonary tree. The substitution 
of spinal-block for inhalation narcosis 
diminishes what would otherwise be a 
greater operative tissue insult. 

Spinal anesthesia is the most suitable 
anesthesia in operative procedures for the 
treatment of osteomyelitis. The shocking 
impulses attendent upon bone trauma by 
chisel and mallet are short circuited, and 
the deleterious effect of profuse hemorrhage 
is diminished by the relative anemia occa- 
sioned by the “splanchnic phlebotomy.” 

The abolition of the cough refiex by 
profound inhalation anesthesia is unques- 
tionably a factor in the production of 
aspiration pulmonary complications. The 
elimination of such complications of anes- 
thesia is accomplished by the root block 
surgery in metabolic diseases such as dia- 
betes, nephrosis, exophthalmic goitre, and 


particularly those accompanied by acute 
toxemias as eclampsia and hyperemesis 
gravidarum should be done only under 
root-block to avoid many of the unpleasant 


features of the _ anesthetics 
mentioned. 

Inhalation anesthetics are best given to 
patients who have been properly prepared. 
Such anesthetics administered without 
adequate preparation in emergency surgery 
e.g. after a full meal, complicate operative 
procedure and may be productive of grave 
postoperative sequellae. Emergency sur- 
gery may be performed without these 
drawbacks under root block. This is partic- 
ularly true in emergencies which are 
complicated by concomitant pulmonary 
infections. 

These are some of the conditions in 
which spinal anesthesia is particularly 
valuable. The reader undoubtedly has 
begun to suspect by now that we believe 
not only in its universal applicability but 
also in its universal value. We realize that 
there are many surgical procedures in 


already 
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which it has not yet been tried and that 
perhaps contraindications to its use will be 
developed. We do not believe that the 
ordinary cited contraindications should be 
seriously regarded as such. The best 
example can perhaps be found in hypoten- 
sion cases. Recognition of the ‘‘modus 
operandi” by which the blood-pressure fall 
is occasioned in spinal block and the use of 
Trende!lenburg position for gravity drain- 
age to the heart eliminates hypotension as 
a contraindication to the use of spinal 
anesthesia. 


COMPLICATIONS 


The most frequent complication encoun- 
tered is postoperative headache. At first it 
was very troublesome. The application of 
the magnesium sulphate method for lower- 
ing cerebrospinal pressure used in head 
injury cases changed the aspect of this 
complication. It is easily controlled by 
retentive enemas of 6 oz. of a 50 per cent 
solution of magnesium sulphate every 
four hours. One case of intractable head- 
ache which did not respond completely 
to this method yielded to a spinal puncture 
through which 40 c.c. of fluid were removed 
from the canal. 

We have had 2 cases of diplopia which 
cleared up in ten days, 1 case of paresthesia 
of the buttocks and anal region. of three 
days’ duration, and 1 case in which there 
was an inability to use the extensors of the 
left leg for about four months. The last 
case was one in which a tracheloplasty, 
perineorrhaphy, appendectomy, steriliza- 
tion and hysteropexy were done. Eight 
days after operation the patient com- 
plained of inability to extend the leg 
forcibly and this condition became pro- 
gressively worse so that at the end of two 
weeks, when she ordinarily would have 
been able to walk, she could stand only on 
her right lewer extremity. There was 
considerable atrophy of the quadriceps 
extensor group, but the knee-jerk tendon 
reflex was net impaired. At the end of four 
months the condition cleared up entirely. 
The integrity of the reflex arc as shown by 
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the retained knee-jerk argues against root 
trauma by the needle. It seemed as though 
the lesion was trophic and may have been 
due to small filiform hemorrhages along the 
nerve roots described by Quincke.® 

Not infrequently, if one is not conscious 
of the possibility, hematomas of the wound 
will be found on the day following the 
operation. This is due to failure to ligate 
vessels which bleed but slightly during the 
operation because of the lowered blood 
pressure. Later, after the wound is closed 
and the pressure rises, there is bleeding 
directly into the wound from the mouths 
of unligated vessels. It is therefore essential 
to be particularly careful with hemostasis. 

Posterative urinary retention is not 
infrequently encountered. These cases may 
also be constipated. The knee jerks are 
exaggerated. Usually one or two catheriza- 
tions suffice to clear up the condition. 
Rarely, there is persistence for four or five 
days and in these cases the picture reminds 
one of the animal with high lumbar section 
of the spinal cord. 

Many of the postoperative complica- 
tions such as headache, visual disturbances 
dizziness, etc. are due to increased cerebro- 
spinal tension as a result of the original 
lumbar puncture. All of these phenomena 
have been recorded after simple lumbar tap. 
The greater the amount of fluid removed 
the more likelihood of symptoms develop- 
ing. It is characteristic of the untoward 
after-effects that in the horizontal position 
they are usually either lessened or they 
disappear entirely while with every 
attempt to gain the sitting or erect posture 
they are aggravated. It is quite certain that 
the orifice made by the needle often fails to 
close for some time after its withdrawal, 
and allows a continual oozing through the 
puncture canal. The loss of fluid in this way 
in itself probably has no effect in the pro- 
duction of symptoms. They are probably 
the result of local irritation to the meninges. 
Even slight extravasations of blood may 
cause serous meningitis, which in turn 
results in increased fluid production and 
consequent symptoms. 
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CAUSES OF FAILURES 


In the early days of our experience with 
spinal anesthesia we had 3 failures. Investi- 


Fic. 8. Schematic representation showing how failure 
to secure anesthesia may occur. In the improper 
method the flow of cerebrospinal fluid through the 
needle misleads one into the belief that all the 
dissolved anesthetic will enter the subarachnoid 
space when it is injected..A great portion escapes 
through the proximal part of the bevel into the 
extra-arachnoid tissues. 


gation disclosed a physical basis for the 
failures, and careful attention to details 
since then has eliminated such difficulty. 
The main cause of failure is either “dry 
tap,” the avoidance of which has already 
been discussed, or injection of the anes- 
thetic solution elsewhere than into the sub- 
arachnoid space. The latter may happen 
as a result of accidentally and uncon- 
sciously withdrawing the needle slightly 
while attaching the syringe for reinjection. 

If a needle with a long bevel is used, only 
part of the bevelled edge may be within the 
subarachnoid space, allowing fluid to 
escape through the needle. When the rein- 
jection is made, approximately half of the 
anesthetic solution may escape through the 
other portion of the bevelled edge into the 
extra-arachnoid tissues, so that the dose of 
anesthetic coming into contact with the 
nerve roots may be much less than 


expected, and insufficient to produce block 


(Fig. 8). 
CONCLUSION 


There is great danger of adopting proce- 
dures as fads in medical practice. This is of 
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course to be condemned. A method of 
inducing anesthesia must have more solid 
basis than faddishness to recommend it. 
We have attempted to set forth some of the 
more prominent reasons for the adoption 
of spinal block by the subarachnoid injec- 
tion. More than usual space has been given 
to the physiological explanations of some 
of the phenomena because it is believed 
that a better understanding of the under- 
lying principles will go a long way toward 
dissipating the unfounded fears of many 
surgeons who, though they recognize the 
limitations and drawbacks of inhalation 
narcosis, are still seeking for a more ideal 
anesthetic method. Beside the already 
enumerated advantages it should be 
remembered that this form of anesthesia 
can be administered and inducd very rap- 
idly, and by its use the surgeon is freed from 
the vagaries of different anesthetists. This 
emancipation in itself is a definite advan- 
tage. All other factors remaining constant, 
the fewer the links in the operative team, 
the fewer the chances of trouble arising. 
Careful attention to the details of the 
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technique will be rewarded by universal 
applicability, total freedom from pain, 
unparalled relaxation, a relative anemia 
giving a more bloodless operative field, 
quiet intestines needing no artificial 
restraint, interruption of the pathway of 
shocking impulses en route to the central 
nervous system and many advantages, all 
contributory to the ideal: maximum safety 
to the patient and simplification of the 
technical aspect of surgery. 
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SPINAL ANESTHESIA 


AN EXPERIENCE OF TWENTY-FOUR YEARS* 


W. Wayne Bascock, M.D. 


PHILADELPHIA 


ating surgeon the stimulus of a highly 

technical method directly under his 
own control. He assumes a_ personal 
responsibility for the success and safety 
of the analgesia. His injection determines 
the location, duration and degree of the 
anesthesia. If, during the operation, the 
patient has pain, or if the muscles are not 
well relaxed for the operation, the onus 
cannot be thrust upon an assistant; the 
blame rests upon the operator. With a 
successful anesthesia the surgeon finds 
the patient in ideal condition for the 
operation. There is complete freedom 
from pain or other sensation in the oper- 
ative field; the tissues are absolutely 
relaxed, greatly facilitating operative ma- 
nipulation; the intestines are contracted 
and do not protrude from the abdominal 
incision; and since the sphincters are 
relaxed and peristalsis augmented, the 
expulsion of flatus or other content of the 
lower bowel is strongly stimulated. 

The effect of the few centigrams of drug 
used upon the parenchymatous cells of 
the body is inconspicuous. The brain, 
liver, kidneys, lungs are practically free 
from toxic action due to the anesthetic. 
In no other known way can so profound 
and extensive an anesthesia be produced 
by so small a dose of a drug and with so 
little general toxicity. With no other 
method does the depressing action of the 
anesthetic appear in the early stage of 
the operation when the patient can best 
withstand it. 

The shock from the operation as it 
proceeds is, in part at least, antidoted by 
the rising blood pressure as the blocked 
sympathetic rami regain their function. 
When properly employed no other anes- 


Se ngs anesthesia offers to the oper- 


thetic of equal range leaves so few sequelae. 
Usually sensation returns without other 
symptoms. Ably used it is much quicker, 
simpler, less painful in induction, gives 
more uniform and dependable anesthesia 
and produces better relaxation than sacral 
anesthesia. If a well performed operation 
brings a sense of satisfaction, how much 
greater the achievement if it has been 
accomplished with comfort and relative 
safety to the patient and with the utmost 
facility to the operator. But spinal anes- 
thesia has compensating disadvantages. It 
requires an accurate and precise technique 
for uniform results. A lack of skill in the 
administration is more obvious than with 
the use of ether; ignorance in using the 
method or lack of supervision during 
the period of analgesia may cost the patient 
his life. A death under chloroform or 
nitrous oxide often may be blamed upon 
the drug, but mortality with spinal anes- 
thesia usually is to be blamed upon the 
surgeon. Spinal anesthesia therefore, neces- 
sitates a degree of skill and a working 
knowledge of the physiological actions 
involved. It is a very personal method, 
strongly appealing to the temperament of 
certain operators, but equally unadapted 
to others. It has supreme advantages for 
certain types of operation, but is to be 
rigidly excluded from others. Perhaps 
with no other anesthetic are the indications 
or contra-indications more clearly evident. 

In 1904, my attention was attracted 
to the advantages of spinal anesthesia 
by the work of Dr. Leon Kendirdjy in 
Hospital Cochin in Paris. A powerful 
synthetic local anesthetic, stovaine, had 
then recently been discovered among the 
amylene alcohols by the French chemist 
Fourneau while working in a laboratory 
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in Berlin. In his honor the drug had been 
given the English translation of his name, 
a stove. For use a 10 per cent solution of 
stovaine was dissolved in salt solution 
and sealed in ampules. Up to 7 c.c. of 
the solution was injected by a Quincke’s 
puncture and the method was efficient 
for operations involving the leg, groin 
and genitals. Procuring a supply of the 
ampules, I immediately began the use of 
spinal anesthesia in Philadelphia. 

My first difficulty was in introducing 
the needle. The available texts directed 
that the needle should be passed in a 
ventral and caudal direction, usually from 
a point lateral to the selected spinous 
interspace. Following these directions, in 
the lumbar region at least, the needle usu- 
ally struck a lamina; but if introduced from 
the midline at about the center of a 
lumbar interspace and in a direction at 
right angles to the skin, an obstruction 
was and is rarely encountered. The second 
difficulty was in obtaining a sufficiently 
high zone of anesthesia. With the 10 per 
cent solution of stovaine injected through 
the third or fourth lumbar interspace, 
there was analgesia to about the level of 
the anterior superior iliac spines. This 
gave an anesthesia suflicient for operations 
upon the genitals and lower rectum, and 
usually for herniorrhaphy, but not high 
enough for an appendectomy or work in 
the upper abdomen. As cocaine and 
tropococaine solutions gave more extensive 
anesthesia the height at first was supposed 
to depend upon the drug used. It was 
soon found, however, that by reducing 
the percentage of the stovaine to 2 or to 4 
per cent, thereby decreasing the specific 
gravity and increasing the bulk of the 
solution injected, and by eliminating the 
sodium chloride, an anesthesia to the level 
of the umbilicus was to be obtained. A 
preliminary decompression of the spine 
by the withdrawal of cerebrospinal fluid 
was also found to increase the height of 
the anesthesia and was advised in 1906. 

By 1908, it was found that by still further 
lowering the specific gravity of the solution 
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by the addition of 10 per cent of alcohol, a 
higher and more uniform anesthesia was 
possible; and it was also evident that a 
variation in the point of injection to 
correspond with the selected operative 
field was a distinct advantage. The addi- 
tion of epinephrine, suggested by the 
experiments of Klopp was given consider- 
able trial, but finally abandoned as dis- 
advantageous. Solutions made heavy and 
viscid by the addition of gum acacia, 
glucose, mannitol, gelatine and other 
substances suggested by various observers 
were considered undesirable with the 
Trendelenburg position. Various drugs 
were tried including cocaine, alypin, 
eucaine, novocaine and tropococaine. 

It was observed that all of these drugs 
were dangerous unless used with great 
care, and that none was more effective 
than stovaine. With the less toxic novo- 
caine, which was used during a period of 
two years, about double the dose was 
required; the muscular relaxation was 
less complete, often interfering with the 
easy performance of an abdominal opera- 
tion, and the patient frequently retained 
tactile, thermal, or pressure sense in the 
field of operation which at times he inter- 
preted as painful. Usually with the stronger 
drug he was well relaxed and oblivious to 
the operative manipulations. The under- 
lying physiological action gradually became 
apparent and it was evident we were 
dealing with a root block and not a medul- 
lary or cord anesthesia. It was found that 
the drug could be used upon new born 
infants as well as patients eighty-eight 
years of age. In fact, children tolerated 
spinal anesthesia very well, often slept 
during the operation and were more 
responsive than the aged, if resuscitative 
measures were required. The required dose 
was relatively larger in children and 
infants. An infant should receive 4 to 14 
the dose of an adult; a 50 pound child 
one half the dose of a 200 pound adult. As 
the effect was purely a local blocking of 
the spinal nerve roots, the capacity 
of the spinal canal, rather than the weight 
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of the patient, indicated the size of the 
dose. Indeed, obesity and overweight 
brought increased risk, so that a smaller 
dose was used in such patients. 

It was observed that a large dose could 
safely be used, if held in the lumbar region, 


while only very small doses could be used 


in the upper lumbar or cervical region. 
With a reduction in the size of the dose 
the duration of the anesthesia decreased 
in geometric ratio. An early impression 
that spinal anesthesia was desirable in 
shock, because it blocked the inflow of 
painful impressions to the centers, although 
supported by the experiments of Wain- 
wright upon dogs, was modified by clinical 
experience. Spinal anesthesia might limit 
the development of shock during an 
operation, but it proved to be dangerous 
when used upon patients already in 
profound shock. The futility of centrally 
acting stimulants to improve the respira- 
tion or increase the blood pressure became 
evident. The ineffectiveness of strychnine 
introduced into the spinal canal, as sug- 
gested by Jonnesco in 1909, was shown. 
Doses sufficient to throw the portion of 
the body above the level of the anesthesia 
into convulsions could be given, and yet 
the strychnine could not drive impulses 
through nerve roots blocked by the intra- 
thecal injection. Only after the spinal 
anesthesia disappeared, would the con- 
vulsions spread to the lower part of the 
body. 

For the occasional respiratory depression 
encountered a useful indicator was found 
in the oscillations of a wisp of cotton 
affixed to the tip of the nose. With certain 
patients the usual methods of artificial 
respiration were found to be ineffective. 
The Meltzer Auer method of intratrachial 
insufflation did not prove well adapted 
for the emergency. Forced insufflation 
through an open tracheotomy wound, used 
in several instances, proved an effective 
but dangerous expedient. Finally, it was 
found that the simple method of mouth 
to mouth insufflation, while the nostrils 
and epigastrium were compressed, was 
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uniformly effective in the cases in which 
compression of the chest failed to move 
the tidal air. A simple and quick method 
of cardiac massage by introducing the 
index finger through a stab wound through 
the third left intercostal space, proved to 
be effective in starting the arrested heart. 
But in my experience, permanent recover- 
ies after cardiac massage have occurred 
only after the subdiaphragmatic method. 
The cerebrospinal fluid from about 150 
patients presenting different conditions 
was studied and it was found that the 
specific gravity from childhood to old age 
and during a variety of different diseases 
maintained a remarkably constant specific 
gravity of about 1.0065. 

In 1909, stimulated by Jonnesco’s work, 
higher forms of spinal anesthesia were 
attempted. The small series included oper- 
ations upon the thyroid, mastoid, cranium 
and mandible. To obtain a degree of 
safety it was found that the dose had to 
be so reduced that there was a great 
shortening of the length of the analgesia 
period. Despite the reduction in dose, 
serious respiratory embarrassment, from 
the blocking of the third, fourth and fifth 
cervical nerve roots supplying the dia- 
phragm as well as the roots supplying the 
external muscles of respiration, was so 
frequent as to make the method unwar- 
ranted. Five methods by which the height 
of the analgesia could be raised were 
appreciated: first, by selecting a high 
interspace for the injection; second, by an 
increase in the bulk of the anesthetic 
solution injected; third, by decompressing 
the spinal canal accomplished by the 
withdrawal of cerebrospinal fluid before 
the injection was made; fourth, by gravity, 
the injected anesthetic fluid used being 
distinctly heavier or lighter than the 
cerebrospinal fluid. The location of the 
anesthesia is modified by the position in 
which the patient is placed during and 
after the injection, and fifth, forcible 
injection, especially with the needle inclined 
toward the head. 

For the fall in blood pressure frequently 
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noted and for failure of heat action the 
injection of adrenaline intramuscularly, or 
were the emergency more acute, intra- 
venously, proved to be the most effective 
measure. 

By 1914, about six thousand injections 
had been made and 12 patients had died 
on the operating table while under spinal 
anesthesia. On reviewing the results, it 
was evident that the patients who had 
died under spinal anesthesia were for the 
most part patients who had _ hopeless 
conditions and would probably have died 
under any form of anesthesia. For example, 
one of these fatalities occurred during an 
operation for pulmonary abscess on a child 
with advanced, generalized miliary tuber- 
culosis; one for advanced peritonitis from 
a perforated typhoid ulcer in a moribund 
man of sixty-four years; an operation on 
a pulseless man for avulsion of the arm 
at the shoulder under car wheels; an 
amputation for gangrene of the entire 
leg from a crush of the thigh of an elderly, 
alcoholic patient; and one for advanced, 
purulent peritonitis with extensive infec- 
tion of the anterior abdominal wall from a 
gangrenous and strangulated hernia. It 
was decided in 1914 to therefore withhold 
spinal anesthesia from patients with con- 
ditions portending death on the operating 
table, to more carefully watch and super- 
vise the patient under the spinal anesthesia 
and to be prepared for the prompt use of 
resuscitative measures should unfavorable 
symptoms develop. During the succeeding 
ten years, with about six thousand injec- 
tions I had no death under spinal anes- 
thesia, although during this time one 
patient died under nitrous oxide, one under 
ether and one patient in extremis died 
under local anesthesia by novocaine- 
adrenaline. 

During the past four years, by the 
conjoint subcutaneous use of adrenaline, 
in a minor degree ephedrine and especially 
by the subcutaneous injection of 100 to 
150 c.c. of a I per cent solution of procaine 
containing 9 to 15 mm. of adrenaline, we 
have extended the use of spinal anesthesia 
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to many patients who were substandard 
risks. Two deaths have occurred under 
the anesthesia. One from an accidental 
massive injection of distilled water into 
a vein, the second from an advanced 
intestinal obstruction from cancer in an 
aged man. During the past fourteen years, 
12 of the patients have had degrees of 
hypotension necessitating an intravenous 
injection of adrenaline, 3 required cardiac 
massage; 4 (1 from procaine, 1 from 
stovaine, 2 from butyne) had a pre- 
dominant, respiratory paralysis; and prob- 
ably were saved only by mouth to mouth 
insufflation; artificial respiration by com- 
pression of the chest being ineffective. 

May a delayed spinal degeneration and 
paralysis follow the intradural injection? I 
doubt the existence of medullary paralysis 
from the proper use of spinal anesthesia. 
One of our patients had eleven inductions 
of spinal anesthesia without evidence of 
injury to the cord. In 1 patient, however, 
I produced a violent radiculitis by the 
injection of a nerve root. 

With the use of a small spinal needle 
(No. 20 gauge or smaller) and of better 
anesthetic solutions, spinal headaches have 
become rare. Reber reported 5 cases of 
transient abducens palsy from my service 
in 1910. Evidently, it was due to a mild 
infection from the injection of contami- 
nated solutions. It occurred after the use of 
imported ampules of stovaine and tropo- 
cocaine and had an incubation period of 
seven days. It did not follow the use of 
alcoholized solutions, and it has not 
occurred in my service during the lIast 
eighteen years. 


DIRECTIONS FOR SPINAL ANESTHESIA 


1. For robust patients between thirty 
and sixty-five years of age a mypetomer 
of 1 grain of morphine and of 490 grain 
of hyoscine hydrobromide is given seventy- 
five minutes before the time of the operation. 

2. For septic, shocked or asthenic 
patients the preliminary narcotism should 
not be employed. It is also to be avoided 
in children and the aged. 
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3. The back is prepared before the 
patient enters the operating room by 
washing, drying and painting with one- 
half strength of tincture of iodine. 

4. Before the patient enters the oper- 
ating room, the eyes are usually bandaged. 
Cotton may be packed into the ears. 

5. The patient is made to sit upon the 
side of operating table well back from 
the edge with his elbows at his side and 
the forearms crossed in front of the 
abdomen. The head is then tilted forward 
until the chin touches the chest. The 
patient is held by the left arm of the assist- 
ant, which passes back of the patient’s 
neck and in front of the patient’s abdomen. 
The patient’s back is now sponged with 
strong alcohol. 

6. The spinal syringe with the piston 
separated and the needle containing the 
stilet are wrapped in gauze and are to be 
boiled in distilled water (no alkali) for 
ten minutes and brought to the operating 
room covered by a thin layer of bowling 
water immediately before the injection is 
given. The heat not only insures sterility 
but the warmth of the solution. If a fine 
sharp needle is used no local anesthetic is 
required for the skin. 

7. The instant the needle is withdrawn 
from the patient’s back, the patient is 
placed in position for operation upon the 
table and the table quickly tilted so as to 
lower the shoulders 2 in. below the level 
of the hips. 

8. The patient’s hands are to be so 
held throughout the operation that they 
cannot by any sudden movement invade 
the field of operation. A towel or sheet 
is so arranged that the patient’s face is 
screened. 

9g. The pulse, respirations and color 
are to be as carefully observed as if ether 
were being given; the respirations by a wisp 
of cotton affixed to the tip of the nose. 
If the patient is awake, conversation 
to divert and encourage the patient 
should be carried on in a low tone. The 
patient is not to be informed as to the 
commencement of the operation nor should 
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he be asked as to his sensation of pain. If 
possible, the thought of pain, fear or 
danger should not be suggested by the 
conversation of bystanders. If not contra- 
indicated by the operation, the patient 
may be entertained by bits of cracked 
ice, little sips of water or even the privilege 
of smoking. If the patient is asthenic, has 
hypotension or myocardial weakness 100 
to 150 c.c. of a I per cent procaine con- 
taining .7 to 1.0 c.c. of adrenaline solution 
are immediately injected about the field 
of operation. 

10. Danger signs are marked fall in 
blood pressure, cyanosis, or respiratory 
depression. The premonitory sign is nausea 
or slight gagging. At this sign, the table 
is to be further tilted so as to lower the 
patient’s head. If the patient is not a 
good subject, 10 mm. of adrenaline or 
1 grain of ephedrine is to be immediately 
injected in the leg. A drop in the systolic 
blood pressure to 30 may require no stim- 
ulation in a young or vigorous patient 
while a fall to 50 in an asthenic, obese or 
aged patient arouses apprehension and is 
immediately to be counteracted. Loss of 
voice is an early sign of respiratory failure. 

11. The danger period of spinal anes- 
thesia is from five to twenty-five minutes 
after the injection. There is little danger 
in the average robust patient. 

12. After treatment. The patient’s 
shoulders should not be raised until 
one hour has elapsed from the time of 
the injection. Thereafter no special after 
treatment is necessary. 

13. For asthenic patients a funnel and 
6 in. of rubber tubing connected with a 
transfusion needle should be conveniently 
at hand with a flask of sterile physiological 
salt solution, a sterile dropper and a 
bottle of 1 to 1000 adrenaline solution. 

14. Patients who have had narcotics 
are usually given a I to 2 quart enema of 
warm water after being returned to bed. 
If shocked or deeply stuporous one drachm 
of tincture of capsicum with 6 oz. of a 
strong decoction of coffee are incorporated 
in the enema. 
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LUMBAR PUNCTURE TECHNIQUE’ 


L. F. Stsz, m.p. 


BOSTON 


spinal fluid is a necessary preliminary 

to spinal anesthesia. If the puncture 
is improperly done, nerve structures may be 
injured, headache may be provoked, or 
difficulties may be encountered in the 
anesthesia itself. It therefore seems worth 
while to employ a well considered and 
careful technique. 

The spinal needle should be of rustless 
material. Nickel-plated carbon steel 
needles may, without any external evidence 
of it, become so weakened by rust as to 
break within the tissues. This is a distress- 
ing complication. Needles of rustless 
material, such as rustless steel of the proper 
temper, or nickel, practically eliminate the 
possibility of this occurrence and at the 
same time require less care and attention. 

The gauge should be as small as is 
practical. A small gauge needle makes a 
small hole in the dura and thus lessens 
the possibility of leakage and subsequent 
headache. It also breaks less easily than a 
large gauge needle, tending to bend instead. 
With very fine needles, however, the flow 
of spinal fluid becomes quite slow and 
mechanical difficulties are encountered 
with the stylet. Gauge No. 22 represents a 
fair compromise between these various 
considerations and has proved very 
satisfactory. 

A length of 3 in. is enough for all but the 
most exceptional patient. 

The point of the needle should be such as 
to inflict the least possible trauma on the 
patient and at the same time to deposit the 
anesthetic solution most surely within the 
dura. The long sharp bevel is now generally 
discarded. Greene,' from his experimental 
work, has concluded that a needle with a 
sharp cutting point produces a larger hole 
in the dura than a needle of the same size 
having a point rounded like a cambric 


ee) puncture and tapping of the 


needle. This is because the sharp edge cuts 
the longitudinal fibers of the dura while the 
cambric needlepoint tends simply to pry 
these fibers apart without cutting them, so 
that when the needle is withdrawn they 
may fall together again. His excellent 
clinical results in diagnostic lumbar punc- 
ture tend to confirm his conclusions from 
experimental evidence. 

Because of these facts, we have used a 
needle with what might be called a conical 
point, one which is bevelled equally all 
the way round, and of which the stylet 
forms the apex. This needle has a sharp 
point for puncture of the dura, but this 
point becomes dull on withdrawal of the 
stylet. The opening at the end of the 
needle is then flat across the end and at 
right angles to the axis of the needle. As 
this opening is also quite small it is practi- 
cally impossible, when fluid is obtained, 
to inject the anesthetic solution outside of 
the dura unless the needle is moved. 

This type of point seems possibly to 
obstruct more easily than the ordinary 
bevelled point and when obstructed it is a 
little less easy to free. Its advantages, 
however, appear to outweigh these 
disadvantages. 

Fine needles of the gauge suggested, on 
account of their flexibility, are less easy to 
use than are larger and stiffer needles. A 
stiff needle retains its direction even when 
traversing resistant tissues, and its direc- 
tion may be altered while it is within the 
tissues. A fine needle, on the contrary, may 
bend on meeting resistance and its direc- 
tion cannot be altered without practically 
complete withdrawal. Indeed, when using 
it one cannot be quite certain from the 
direction of the hub what the direction 
of the point is. 

To meet these difficulties, we have 
devised an introducer, which is illustrated 
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herewith, and a description of which has 
recently been published.? In brief, it ts 
essentially a cannula 14 in. long, with a 


Fic. 1. The introducer, actual size. 


sharp cutting point and a flange at the 
base, and of a size to accommodate readily 
the needle to be used. This introducer is 
employed by inserting it through the skin 
and posterior spinous ligament much like a 
thumb tack. After the spinal needle has 
been inserted through this, it acts as a 
brace or splint to prevent bending of the 
needle. The introducer itself pierces the 
more resistant tissues such as the skin 
and posterior spinous ligament, leaving 
less resistant tissues for the needle. Yet 
with the aid of the splinting effect of the 
introducer, the needle itself will pierce 
very resistant tissues without bending. We 
feel that this introducer eliminates diffi- 
culties of puncture due to the flexibility 
of fine gauge needles. 

Local anesthesia preliminary to puncture 
is desirable because it saves the patient 
unnecessary pain and discomfort, and 
because he therefore keeps his position 
better during the puncture. The skin is the 
most sensitive structure concerned, the 
rest of the structures between it and the 
spinal canal having comparatively little 
sensation. The structures on the farther 
wall of the canal are sometimes the seat of 
slight pain if touched with the point of the 
needle. If a nerve trunk is touched sharp 
pain is caused at the distribution of the 
nerve. These last two sources of pain are 
largely eliminated by a careful and exact 
puncture. If, therefore, a wheal is raised in 
the skin of the back with procaine and a 
little of this is deposited in the posterior 
ligaments, a clean tap is practically pain- 
less. Thus the patient usually remains per- 
fectly quiet in position during puncture. 
In contrast to this, where no local anesthe- 
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sia is used, the patient on feeling the needle 
enter the skin is apt to bow his back for- 
ward and get entirely out of position. 

Lumbar puncture for spinal anesthesia is 
best made with the patient lying on the 
side. In the sitting position patients some- 
times become faint and occasionally may 
vomit. Vomiting is still more apt tooccur 
in this position if much preliminary nar- 
cosis has been used. A patient faint or 
vomiting will be apt to move and if he 
moves while the needle is in position, a tear 
of the dura with subsequent headache, will 
be very apt to result. Moreover, the sitting 
position is incorrect for some methods of 
inducing anesthesia. The back should be 
well bowed by an assistant by bringing 
the patient’s knees up toward his chest 
and his head down toward his knees. 

The interspace selected for puncture 
should present as few opportunities as 
possible for injury to important structures, 
should be as easy as possible for the punc- 
ture and should be at a point yielding as 
free and unobstructed a flow of fluid as 
possible. The end of the cord occasionally 
comes as low as the body of the second 
lumbar vertebra. To avoid the possibility 
of injury to the cord by the needle, the 
interspace chosen should be below the 
second lumbar vertebra. As anesthesia can 
easily be sent to any height, even from the 
lumbosacral interspace, it is unnecessary 
to choose a high interspace. As the arach- 
noid is sometimes adherent to the posterior 
aspect of the cord it is evident that if a 
high interspace is chosen the spinal needle 
may have to traverse the entire thickness of 
the cord before fluid can be obtained. The 
advantages of choosing a high interspace 
appear to be outweighed by the possibility 
of such an occurrence. At the lumbosacral 
interspace the nerve trunks are apt to be 
adherent to the arachnoid posteriorly. 
This leaves the second, third, and fourth 
lumbar interspaces as those where injury 
to nerve structures is least apt to occur. 
The fourth interspace is more apt to be 
obscured by overlying subcutaneous tissue 
than are the other two. For ordinary rou- 
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tine used in normal subjects the third 
lumbar interspace has proved satisfactory. 

A serviceable way of making the actual 
puncture is as follows: After the local 
anesthesia has been injected, the interspace 
chosen is carefully palpated with the thumb 
of the left hand and the skin is steadied by 
pressing the thumb on the spinous process 
to the left of the interspace. If the skin is 
not steadied, it may easily slip to one side 
while the needle is piercing it and the 
needle thus be misdirected. With the skin 
thus steadied, the introducer is inserted 
in the center line about two-thirds way 
down the interspace through the skin and 
until its point engages the posterior spinous 
ligament. It is slanted very slightly up 
toward the head of the patient and the 
bevel is placed up. When the point has 
engaged in the spinous ligament, the adja- 
cent spinous process is outlined by pressing 
the index finger and thumb of the left 
hand deeply in on each side of it and the 
position of the introducer is noted. It 
should be exactly in the center line. This is 
important for getting an accurate tap. With 
the introducer well centered, it is pushed 
slowly in, slanting it slightly, as before, and 
being especially careful to keep it at right 
angles to the lateral plane of the back. 
Rather firm resistance is usually felt as it 
traverses the posterior ligaments. It is 
stopped when about }4 in. of the hub 
remains exposed, and the needle is then 
inserted through it. As the needle is started 
into the tissues beyond the introducer, 
pressure one way or the other should be 
made on the latter with the left hand so as 
to keep the needle always at right angles to 
the lateral plane of the back. The needle is 
pushed forward by placing the thumb of 
the right hand over the end of the hub and 
steadying the hand with the fingers on 
the back, so that, should resistance sud- 
denly end, the needle will not jump for- 
ward. When the needle has been inserted 
far enough to establish firmly its direction, 
both hands may be used in the same way 
as an additional precaution. The needle is 
thus pushed slowly and carefully inward 
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until the dura is pierced. This is usually 
signalized by a distinct snap and a sudden 
lessening of resistance, but sometimes the 
snap Is absent. 

If, instead of piercing the dura, bone is 
encountered the needle should be with- 
drawn till its point is just within the 
introducer, the introducer should be put at 
a different angle in the median plane and 
the needle should be reinserted at the 
new angle, always being careful to keep it 
at right angles to the lateral plane of the 
back. If, after several trials at different 
angles, bone is still encountered the 
introducer should be withdrawn and rein- 
serted in a different place, choosing first 
the middle of the interspace, then the 
lower and then the upper borders and, if all 
these fail, going to other interspaces. 

If a nerve trunk is touched by the needle 
the patient will experience a sudden sharp 
pain at the distribution of the nerve. This 
denotes that the needle has deviated from 
the median line. The needle should there- 
fore be withdrawn and re-inserted, keeping 
its direction a trifle farther away from the 
side on which the pain occurred. 

After the needle has been correctly 
inserted and the dura has been pierced, the 
stylet is withdrawn and fluid should flow 
from the needle. If a clean tap has been 
made squarely in the median line, a free 
and unobstructed flow should result. This 
is very desirable, as fluid can then be 
drawn readily into the syringe and the 
induction of anesthesia is thus facilitated. 
Should fluid not flow because of low spinal 
fluid pressure, even though the needle is 
correctly placed, compression of the jugular 
veins will increase the pressure and cause 
fluid to flow. 

Sometimes, though fluid flows from the 
needle on withdrawal of the stylet, yet 
when suction is made with the syringe 
the flow abruptly stops. If the technique of 
induction requires the withdrawal of fluid, 
such a tap makes the induction slower and 
more difficult. Sometimes slight with- 
drawal or further insertion of the needle 
will clear the flow. If a needle with the 
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ordinary one-sided bevel has been used, 
rotation will help. 

Sometimes the flow from the needle is 
tinged with blood. This usually means that 
the point of the needle has punctured 
a vein on the fartner side of the canal. In 
this case slight withdrawal of the needle 
will cause the fluid to clear, when the 
induction may be safely proceeded with. 
Pitkin has shown? that the vein pressure is 
usually below that of the spinal fluid so 
that the chance of any material amount of 
bleeding taking place is quite remote. 

In conclusion, a careful and painstaking 
technique of Jumbar puncture seems well 
worth while because it protects the patient 
as far as possible from cord injury, from 
nerve injury, from tears in the dura, from 
multiple punctures of the dura, and 
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from vein hemorrhage, and because a good 
puncture is the first essential of a good 
anesthesia, rendering subsequent steps 
more easy and certain. 

A technique is here presented which has 
proved satisfactory. There have been no 
cord or nerve injuries. There have been one 
per cent of headaches of more than slight 
severity, chiefly in patients who moved 
during puncture. There have been one 
per cent of failures to make puncture, each 
case being in a patient with rigid spine. 
There have been no failures to produce 
anesthesia after puncture. 


REFERENCES 


. Northwest Med., 
391, 1926. 

M. A., 91: 1186, 1928. 

Med. Soc., N. Jersey, 24: 425, 1927. 


1. GREENE, H. M 22: 240, 1923; 
J. A. M. A., 86: 

3. Pitkin, G. P. J. 


POSSIBLE COMPLICATIONS WITH 


SPINAL ANESTHESIA 


THEIR RECOGNITION AND THE MEASURES EMPLOYED 
TO PREVENT AND TO COMBAT THEM * 


Cuaries H. Evans, M.D. 


NEW YORK 


of spinal anesthesia are less under- 

stood and consequently more feared 
by the surgeon than many of the compli- 
cations of general anesthesia or of major 
operations. After a thorough study of this 
type of anesthesia one is forced to the 
conclusion that the usual complications can 
be explained on a physiological basis. In 
most cases, moreover, they can be fore- 
seen and prevented. 

By always employing the same drug, of 
known purity, an aseptic technique and 
atraumatic surgery, it is possible to limit 
the after-symptoms to those which result 
from a fall in blood pressure. Respiratory 
failure was formerly the most serious 
complication. It is seldom, if ever, seen 
with the newer drugs and more modern 
methods of induction. The literature shows 
that it has been a rare complication and is 
associated with errors in technique and 
with overdosage. 

In this chapter the complications will 
be discussed with their characteristic 
signs and symptoms. Each complication 
must be thoroughly understood so that 
it may be quickly recognized and 
combated. 

These complications are not due per se 
to a general toxemia from absorption of 
the drug as the dose employed is altogether 
too small to produce such a condition. 
They are the result of the direct or selective 
action of the drug on those vital centers 
that are bathed in the spinal fluid, of a 
fault in technique, or of mistakes in the 
preoperative and postoperative care of the 
patient. 


‘Te: complications and after-effects 


Classification. They are divided into 
the immediate, the intermediate and the 
late complications. The immediate symp- 
toms are: (1) those of shock or syncope, 
which occur at the time of the lumbar 
puncture or when the drug is first injected; 
(2) the nausea or cold sweats occurring 
at the same time; (3) those resulting from 
depressed function following visceral sym- 
pathetic paralysis. The intermediate symp- 
toms are those of headache, backache, 
stiff neck and the other symptoms of 
meningeal irritation. The late symptoms 
are palsies, persistent headaches and 
neuroses, all of which are possibly due 
to faults of technique. The immediate 
symptoms are due to the toxic action of 
the drug on the nerves and nerve centers 
or to the shock which very rarely accom- 
panies the lumbar tap. The intermediate 
and late symptoms are the irritative results 
of the spinal injection or the results of 
spinal fluid leakage. 


A. VASOMOTOR PARALYSIS 


The fall in blood pressure with its 
resulting acute bulbar anemia is the most 
important and the most dreaded of all 
the complications of spinal anesthesia. The 
work of Babcock and others has made it 
possible for one to carry a patient through 
a vasomotor collapse with the assurance 
that within a few minutes the effects of 
the drug will wear off and the sympathetic 
fibers will regain their normal control. 

This sudden fall in blood pressure is 
followed by nausea, which if not relieved 
will lead to vomiting, pallor of the skin, 
a feeling of compression about the chest, 
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thirst, air hunger, cold sweats, and a 
slowing of the pulse and respirations. With 
a complete collapse in which the whole 
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all it occurs during the first fifteen minutes 
after the injection or when the patient is 
suddenly moved. The degree of paralysis 
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Fic. 1. Blood pressure and pulse during first thirty minutes after low spinal anesthesia for amputation of leg. 
Patient weighed 145 Ibs. Given 8 cg. neocaine, injected in fourth lumbar interspace. Morphine sulphate, 


grain 1¢, given one and a half hours before and morphine sulphate, grain 4, three-quarters of an hour before 
operation. Adrenaline solution }{999, minims 10, injected deep into gluteal muscles just before spinal injection. 
No nausea or vomiting. Patient comfortable and calm throughout operation. Note that there was no drop 
in blood pressure or pulse. Similar results should be procured in any operation on lower extremities or 
perineum. When injection is made in fourth or fifth lumbar interspace and head and shoulders kept elevated, 
there should be no great diffusion of drug upward and therefore no involvement of basomotor fibers. In fact 


no sympathetic stimulant is needed in these cases. 


splanchnic nervous system is blocked and 
the blood has collected in the great splanch- 
nic pool, the blood pressure may fall to 
zero. The function of the liver, kidneys 
and the other organs may be greatly 
diminished. The patient may become 
unconscious with cessation of the heart 
beat. In such cases, if respirations are 
maintained and the heart is not allowed 
to stop, a fall of blood pressure to zero at 
the wrist is well born and the patient none 
the worse because of it. With the proper 
treatment the blood pressure can be 
gradually restored, the vital organs 
returned to normal function, and con- 
sciousness can be regained. There remains 
little if any damage because of this trans- 
ient paralysis. 

If vasomotor paralysis is to occur at 


is governed by the depressed condition 
of the patient and the height and strength 
of the anesthesia. During the first fifteen 
minutes the maximum anesthesia is 
reached, after which there is a readjust- 
ment and the body functions gradually 
approach the normal. The reactions of the 
patient during the first few minutes of a 
normal spinal anesthesia are in many 
respects opposite to those of the patient 
during the first few minutes of a general 
anesthesia. In the latter there is excite- 
ment, muscular exertion, increased breath- 
ing, fast heart rate and a bounding pulse, 
while the patient is becoming more depres- 
sed. In the former there is normal breathing 
a warm dry skin and improvement of the 
general condition as the operation advances 


(Figs. 1-3). 
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Prevention and Treatment 
Adrenaline, a peripheral vasomotor con- 
strictor, is the only drug that satisfactorily 
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it raised until the normal vasomotor tone 
is reestablished. As adrenalin is a very 
powerful vasomotor and cardiac stimulant 
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Fic. 2. Blood pressure and pulse during first thirty minutes of moderately high spinal anesthesia for radical 
repair of large inguinal (scrotal) hernia. 

Patient forty-one years old, weight about 130 Ibs. Spinal needle inserted in third lumbar interspace and 10 
cgms. neocaine given in usual manner. Morphine sulphate, grain 4, with atropine sulphate, grain 59, given 
three-quarters of an hour before operation. Adrenaline solution 999, minims 15, injected deep into gluteal 
muscles just before spinal puncture. Head and shoulders elevated throughout. No nausea or vomiting. To- 
wards end of operation it was necessary to make traction on hernial sac. Patient became very nervous and 


was given light nitrous oxide anesthesia. 


counteracts the central vasodilation pro- 
duced by spinal anesthesia. When injected 
deep into the gluteal muscles it causes an 
increase in blood pressure which will usually 
last from twenty-five to thirty minutes. In 
the average case this covers adequately 
the time during which a high anesthesia 
would cause a drop in blood pressure. The 
low blood pressure occurring with spinal 
anesthesia usually lasts from twenty-five 
to thirty minutes. After this time the 
action of the drug has worn off sufficiently 
to allow the blood pressure to return to 
about normal. When the blood pressure 
becomes extremely low the adrenaline 
infusion is used. It is prepared before 
anesthesia is started and contains 1 minim 
of 1:1000 adrenaline to each 100 c.c. of 
physiologic salt solution. If properly given 
it will raise the blood pressure and keep 


it should be given intravenously only in 
this great dilution. The infusion should 
proceed very slowly and should be dis- 
continued as soon as the desired effects 
have been obtained. One thousand cubic 
centimeters may be given without fear of 
overstimulating the patient. 

The whole syndrome is that of cerebral 
anemia excepting the slowing of the heart 
which is due to the unrestricted action of 
the vagus nerve. That the slowing of the 
respirations and the depressed feeling in 
the chest is not due to respiratory failure 
or paralysis is shown by the patient’s 
relief when the head is lowered, forced 
breathing started or a cardiac stimulant 
administered. To prevent or to overcome 
any dangerous fall of blood pressure one 
should closely follow a well-outlined routine. 
The following has proved quite satisfactory: 
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(a) Carefully train the patient in the 


be done before the operation. 
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(f) After the spinal injection place the 
correct form of deep breathing. This should patient on his back, elevating the head 


and shoulders. Place wet towels on the 
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Fic. 3. Blood pressure and pulse during first thirty minutes of high spinal anesthesia for choledochotomy, 
cholecystectomy and appendectomy. 


Patient an Itailan woman, fifty-eight years old, weight 115 Ibs. Given 8 cg. neocaine in first lumbar inter- 
space (patient sitting) and 5 c.c. of spinal fluid withdrawn for last dilution. Morphine sulphate, grain )¥, given 
one and a half hours before and morphine sulphate, grain 14, with scopolamine sulphate, grain }00, given 
three-quarters of an hour before operation. Adrenaline solution 999, minims 12, injected deep in gluteal 
muscles just before spinal injection. Head and shoulders elevated throughout. Patient not nauseated and did 
not vomit. Was comfortable during operation, except at one time complained of pulling pain when traction 
was made on common duct (see drop in blood pressure followed by rise). Blood pressure normal one and one- 
half hours after operation and patient showed very little reaction following the operation. No signs of shock 


at any time. 


(b) Read the blood pressure frequently, 
especially during the first part of the 
operation. 

(c) Use sufficient preoperative morphine 
and atropine. To an ordinary sized man in 
good health morphine, gram %4 and 
atropine, gram 1459, is usually given. The 
morphine quiets the patient and the 
atropine tends to overcome the depressing 
effect of the anesthetic drug on the 
cardiac rate. 

(d) Two or three minutes before the 
neocaine is injected, give the calculated 
dose of adrenaline. Be sure that it is given 
deeply into the gluteal muscles. 

(e) Carefully calculate the dose of 
neocaine for both the weight of the patient 
and the time necessary for the operation. 


face and, if there is any thirst, give cracked 
ice. 

(g) See that the oxygen inhalation is 
constantly given. Start it at the very 
beginning and continue it until after the 
operation is finished. 

(h) With the first sign of nausea or 
abdominal distress, remove the oxygen 
tube, compress both nostrils and force 
the patient to take twelve to fifteen deep 
breaths, breathing through the mouth. 
This will usually clear up the condition, 
after which oxygen inhalation can be 
recommended. 

(i) If nausea continues and the patient 
vomits or if the blood pressure continues 
to drop, remove the pillows from under 
the head and place the patient in the 
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Trendelenburg position. This is the first 
treatment for bulbar anemia, but should 
not be done until definite symptoms have 
appeared. 

(j) If the blood pressure goes below 40 
mm. of mercury or the pulse becomes 
imperceptible or the respirations very 
shallow more radical treatment is indi- 
cated. Start the intravenous infusion of 
physiologic salt solution containing the 
adrenaline. Give the fluid slowly and dis- 
continue when there is a good radial 
pulse, but leave the apparatus connected 
so that more of the fluid may be given 
if indicated. 

(k) If the pulse remains imperceptible 
or there is danger of cardiac or respiratory 
failure, a still more radical treatment is 
indicated. Begin artificial respiration. This 
should be started, of course, before the heart 
hasstopped beating. It is almost impossible, 
using the modern methods, to completely 
depress cardiac function. The operator 
should be familiar with the art of giving 
intraventricular adrenaline and cardiac 
massage should complete depression occur. 

The foregoing discussion on vasomotor 
paralysis illustrates what may happen, 
especially when an overdose of the drug 
is given or when the normal dose is given 
to the adynamic patient who is not 
carefully watched. If he is watchful and 
uses correct technique he will rarely if 
ever have to use the more radical pro- 
cedures outlined. Many surgeons have 
used spinal anesthesia without even the 
milder symptoms of a vasomotor collapse. 
Very few, even in the larger clinics, have 
seen a spinal anesthesia death following a 
well-conducted method used on a properly 
selected case. Yet many of us have seen 
deaths due to ether or chloroform 
anesthesia. 

During the early part of 1928 Dr. 
Walter D. Ludlum, Jr. and the author care- 
fully followed over 200 cases which were 
operated upon under spinal anesthesia at 
the New York Post-Graduate Hospital. 
We found that with the use of the tech- 


nique outlined in this monograph we could 
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induce anesthesia and at the same time 
maintain a sustained blood pressure and 
pulse rate. In every case the calculated 
dose of adrenaline was given deep in the 
gluteal muscles. The amount of neocaine 
given was calculated for the condition of 
the patient, the site demanding surgery 
and the time needed for the operation. 
The patient’s head and shoulders were 
elevated on two or more pillows. The 
blood pressure and pulse were carefully 
checked and an endeavor was made to 
keep the patient’s mind occupied and 
interested in some pleasing subject. 

When time and condition permitted we 
recorded the blood pressure and pulse 
every five minutes, beginning five minutes 
before the injection and continuing for 
forty minutes. Some of the operations did 
not take thirty-five minutes, in which case 
the observations were stopped at the end 
of the operation. It was noted that while 
there was usually a slight drop in blood 
pressure with the high anesthesias, there 
was a rise in the blood pressure for the 
mid and low anesthesias used for herniae, 
vaginal plastic operations, rectal opera- 
tions, amputations and other surgical 
conditions of the lower extremities. 

In the 200 cases observed there was in 
no instance a dangerous drop in blood 
pressure and at no time after the injection 
was there any indication for infusions or 
other stimulative methods. Of this number 
17 whose blood pressures and pulse rates 
were recorded are taken as a guide to 
illustrate the maintenance of the blood 
pressure and the pulse rate. The blood 
pressure rose in 12 cases, i.e. 75 per cent. 
The lowest reading was 44 mm. Hg and the 
next lowest was 62 mm. The pulse rate 
rose in 7 cases, i.e. 43.8 per cent, the 
lowest pulse reading being 44 and the next 
lowest 66. 

The 17 cases included 4 high anesthesias 
for gall-bladder and stomach surgery, 5 
mid-anesthesias (up to the navel) for low 
abdominal surgery including herniae, and 
8 low anesthesias for perineal, rectal and 
lower extremity work. 
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Results are shown in Figure 4. The 
average of the readings for the five- 
minute periods has been taken and charted 
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properties to the depressant action of the 


novocaine products. 
(3) Lowering the patient’s head and 
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Fic. 4. Graph showing how blood pressure and pulse rate can be sustained with spinal anesthesia. Curves 
represent average of each of five-minute readings. There were 17 cases in series, including 4 high, 5 medium, 


and 8 low anesthesias. 


to show graphically the systolic and the 
diastolic blood pressures and the pulse 
rate for each five-minute period. 

From the results shown in the graph 
and from our observations of other patients 
whose pulse and blood pressure were not 
followed in such detail we feel justified in 
making this preliminary report and believe 
the following conclusions to be justified: 

(1) With the method outlined in this 
monograph it is possible to give a spinal 
anesthesia with assurance that there will 
be either a rise in blood pressure or a slight 
drop which should not be considered danger- 
ous. We do not fear a drop but rather 
expect a rise in blood pressure when the 
operation is in the inguinal, perineal, 
rectal or lower extremity region. In the 
upper abdomen we expect some drop in 
the blood pressure, but slight and without 
danger. 

(2) Adrenaline when injected deep intra- 
muscularly and associated with tactful 
care of the patient, proper preliminary 
medication and the low injection of neo- 
caine has apparently definite antagonistic 


shoulders tends to cause the anesthetic 
solution to ascend in the cephalad direction 
in the dural canal. By keeping the patient’s 
head and shoulders raised it is. possible 
to retard the upward diffusion of the 
anesthetizing drug and in addition to 
keeping the drug from reaching the upper 
vasomotor fibers, allow the patient the 
most comfortable and physiologically the 
most correct position. 

(4) After carefully considering the physi- 
ology of the drop in blood pressure and the 
slowing of the heart rate we are confident 
that a close check on the pulse rate and 
volume is an adequate means of following 
the general condition of the patient and 
the height of the anesthesia. When the 
drug reaches the upper vasomotor fibers 
causing general vasodilatation it will at 
the same time depress the sympathetic 
fibers to the heart and, by allowing the 
vagus to become overactive, slow the 
heart rate. 

Throughout this series of cases we found 
that the routine administration of oxygen 
was not necessary but could be used with 
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benefit in a limited number of cases. We 
did not use it routinely except in the high 
anesthesias. We also found that for the 
low anesthesias it was possible to keep the 
anesthetic so low that there would not 
be any vasomotor fibers involved, there- 
fore eliminating the necessity for the 
intramuscular injection of adrenaline. The 
author advises the use of adrenaline in 
every case. The use of oxygen should be 
adopted by all inexperienced workers 
administering spinal anesthesia, especially 
for all operative procedures above the 
perineum. Oxygen inhalation is an addi- 
tional safeguard. It is at all times unsafe to 
give a spinal anesthesia without a gas 
oxygen machine or ether for use in the 
event that there is an incomplete anes- 
thesia or an unforeseen prolongation of 
the operation. 


B. RESPIRATORY PARALYSIS 


In spinal anesthesia a slight respiratory 
depression may occur without any degree 
of respiratory paralysis. This is not true 
respiratory paralysis due to the drug but 
is the result of lessened bulbar function 
due to anemia plus cessation of abdominal 
breathing. This shallow breathing with 
frequent intervals of deep sighs readily 
clears up as the pallor, insomnia and other 
symptoms of a lowered blood pressure 
are relieved. 

When the patient’s respirations slow 
gradually the cause is paralysis of the 
phrenic nerve and not of the respiratory 
center. With neocaine or similar novocaine 
products, fortunately, it is almost impos- 
sible to paralyze the upper cervical nerves 
when the drug is injected below the 
twelfth dorsal vertebra. This is because 
these nerves, which are very resistant to 
the action of the drug, are bathed in an 
extremely dilute anesthetic solution. The 
author has seen the dura punctured twice 
during a caudal anesthesia. In each case 
35 c.c. of a 2 per cent neocaine solution 
(70 cgms. of neocaine, about six times the 
maximum dose) were supposedly injected 
intradurally. There was sensory anesthesia 
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to the lower lip in one, to the chin in the 
other, with no alarming symptoms only, 
a slight slowing of the pulse and respira- 
tions ‘being noted. 

True respiratory failure is due to a 
high anesthesia and it will vary with the 
height and concentration of the anes- 
thetic, the vitality of the patient and the 
vigilance of the operator. When the roots 
of the cervical nerves leading to the 
diaphragm are involved, true respiratory 
failure begins; the unaided diaphragmatic 
breathing may cease so that the tidal air 
cannot be moved. This condition may be 
overlooked until far advanced. The patient 
may still be able to move the lips and 
tongue but be unable to talk. Cyanosis 
and unconsciousness may develop and the 
heart stop beating unless artificial respira- 
tion is begun. This is the important 
complication of high anesthesias and may 
prove fatal unless the operator under- 
stands what is happening and is prepared 
to combat it. If he is careful and vigilant, 
respiratory failure need not be feared. In 
event that it does occur through some 
error in technique proceed as follows: 

(a) Stop all operative procedures and 
work to save the patient. 

(b) Treat the vasomotor collapse which 
accompanies respiratory failure. It is an 
early sign and if treated early the more 
serious sequelae will be avoided. 

(c) If respiration should cease, keep 
cool. Raise the lower jaw, pull the tongue 
forward and begin artificial respiration at 
a uniform rate. Mouth to mouth insuffla- 
tion is the most convenient and efficacious 
method of artificial respiration. A wisp 
of cotton placed on the tip of the patient’s 
nose and held there with collodion will 
register the frequency and depth of 
respiration. 

(d) Do not give up until all methods 
have been exhausted and until after the 
heart beat and the respirations have ceas- 
ed for more than thirty minutes. 

Sudden respiratory failure, the most 
dangerous complication of spinal anes- 
thesia, is due to the lumbar puncture and 


| 
| 


588 


American Journal of Surgery 


is described under “Shock and Syncope.” 
The author has also described under that 
heading a complication which has never 
occurred in his personal experience but 
which may happen if faulty technique is 
used or if the patients are unwisely chosen. 
Certain individuals, particularly those of 
the status lymphaticus type, are subject 
to sudden and complete collapse, even 
death, when any unusual surgical proce- 
dure is performed on them. Such accidents 
to these patients have been frequently 
reported following tonsillectomy or even a 
general anesthesia alone. Cases have also 
been reported following a routine lumbar 
puncture or thoracentesis. Individuals in 
this group are bad risks for any surgical 
procedure and, unfortunately, cannot 
always, with our present knowledge, be 
detected before operation. 

It is necessary to have a well-trained 
individual to check the pulse, blood 
pressure and general condition of the 
patient at frequent intervals during the 
course of the anesthesia. At one time a 
surgeon noticed that the patient was in 
poor condition and asked the nurse what 
the nature of the pulse was. The reply 
was startling! “Sir! I have not been able 
to get the pulse for several minutes.” 
The patient was almost pulseless but an 
intravenous infusion was begun at once 
and fortunately the patient was soon in 
good condition once more. Such occur- 
rences are, of course, inexcusable. 


C. SHOCK AND SYNCOPE 


The majority of the deaths which have 
been attributed to spinal anesthesia have 
been the result of shock. No doubt many 
of these fatalities were the result of 
improper technique or disregard of definite 
contraindications. There are at least six 
ways in which shock or syncope may be 
produced during spinal anesthesia: 


Prevention and Care 

1. Lumbar Puncture or Meningeal Reflex. 
This may occur in the nervous or over- 
stimulated patient, especially where insufli- 
cient preoperative morphine has _ been 
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given. It may follow an injury to the 
meninges when a large needle is used or 
repeated attempts have been made to 
enter the dural canal, or when the patient 
has been kept too long in the sitting 
position. The onset in these cases is usually 
sudden complete collapse with cessation 
of the function of the vital centers. The 
result is variable, from a mild fainting 
spell to sudden death. A few such deaths 
have been reported but can probably be 
explained on the basis of the status lym- 
phaticus type, as mentioned above. 

2. Visceral Reflex Shock. This may 
occur when the intestines are too roughly 
handled, when the stomach or omentum 
is pulled upon, or when the upper abdomi- 
nal organs are tightly packed off. It is the 
result of disregarding the principles of 
atraumatic surgery and should not occur 
with those who are zealous of their tech- 
nique. This complication is further dis- 
cussed under “‘ Nausea and Vomiting.” 

3. Hypersusceptibility. Very rarely there 
is an individual who is hypersuscept- 
ible to neocaine. Therefore an acute drug 
poisoning may occur following its intra- 
spinal administration. One should be able 
to recognize and treat such a condition. 
The drug poisoning may be due to such 
hypersusceptibility, or to an unusually 
strong drug, or to the accidental injection 
of the drug into one of the meningeal veins. 
The symptoms are those of anaphylactic 
shock and the treatment is, as outlined 
elsewhere, that for vasomotor collapse and 
respiratory failure. 

4. Position Shock. This form of shock 
occurs when the patient is suddenly 
changed from one position to another, 
especially from the Trendelenburg to the 
horizontal position. It occurs most fre- 
quently in weak or very old patients. 
These patients have had what, for them, 
is an almost lethal dose of the drug and 
have had low blood pressure and a 
decreased respiratory rate throughout the 
operation. It results from a sudden added 
embarrassment to an already overladen 
heart. It is the most common complication 
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occurring at the end of the operation. 
Patients who have been quiet and appar- 
ently asleep during the operation seem 
most often affected in this way. It should 
always be remembered, therefore, that the 
patient who is too quiet, especially if aged 
and possessing lowered vitality, should be 
watched more closely for symptoms of 
shock and should not be subjected to any 
sudden change in position or other added 
embarrassment to his circulatory system. 

When this condition occurs it is usually 
moderately mild, accompanied by sudden 
nausea, pallor and possibly vomiting, all of 
which quickly disappear with the following 
treatment: 

(a) Place the patient in the Trendelen- 
burg position. 

(b) Force the usual 
breathing. 

(c) Give 10 minims of adrenalin intra- 
muscularly. This usually clears up the 
symptoms so that the patient can be 
moved without further danger. 

(d) If, however, the pallor and general 
depression continue, an infusion containing 
adrenalin should be started. 

(e) If there are signs of either cardiac or 
respiratory failure, pull up the lower jaw 
and be ready to begin artificial respiration 
at once. 

5. Intracranial Pressure Shock. This 
may lead to the death which is known as 
the “lumbar puncture death.” It may have 
been the cause of many deaths which have 
been cited to prove spinal anesthesia a 
radical and unsafe anesthesia. It is the 
commonest cause of death following the 
simple lumbar puncture, yet diagnostic 
lumbar puncture continues to be a stand- 
ard and valuable procedure. Schiénbeck 
thoroughly reviewed the literature and has 
collected 71 cases. Over 50 per cent had 
intracranial tumors; 13 per cent had 
cerebral hemorrhage; 57 or 58 per cent of 
the cases presented symptoms of some 
cerebrospinal pathology which was present 
at the time of the lumbar puncture. 

This acute condition results from a loss 
of the spinal fluid, either at the time of the 


exaggerated 
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puncture or by later leakage through the 
dural opening. Due to the release of spinal 
fluid pressure below, the medulla is jammed 
into the surrounding foramen magnum. 
Death may be sudden, beginning with a 
terrific headache, or it may occur within a 
few hours. It is due to suppression of 
the medullary centers and the symptoms 
are those characteristic of severe intra- 
cranial pressure. This condition si 
extremely rare and need not be feared if 
the following simple rules are observed: 

(a) Take a careful history and make a 
complete physical examination. Then 
strictly adhere to the definite contraindica- 
tions for this anesthesia. 

(b) Keep the patient on his side during 
the lumbar puncture and the injection. 
Do not allow him to sit up for at least 
twenty-four hours after the injection. 

(c) Use a small spinal needle, held so 
that it will split and not rupture the dural 
fibers. This will minimize the spinal 
fluid leakage. 


D. MENINGITIS 


Meningitis is a complication which 
occurs in a frequency which is proportional 
to the faults in technique. With those 
using correct technique it is so rare as to be 
practically non-existent. 

Prevention and Treatment 

1. Non-infective Irritative Meningitis. 
This is an irritative condition of the 
meninges which is often spoken of as 
“‘meningismus.” It is essentially a con- 
gestion with resulting exudation following 
the exposure of the meninges to any 
toxic substance. It may follow a toxic dose 
of the drug, capillary hemorrhage when a 
dural blood vessel is punctured, trauma to 
the dura when several attempts are neces- 
sary to enter the dural cavity, the injection 
of air bubbles into the dural cavity or 
the introduction of foreign material such 
as rust or dirt which may come from the 
syringe, needle or drug. 

Beginning twelve to twenty-four hours 
after the injection the patient shows mild 
meningeal symptoms such as pain along 
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the spine, stiff neck, photophobia and 
nervousness. There may be rarely a per- 
sistent headache, while the more severe 
cases may show some involvement of the 
eye muscles. There is an increase in the 
spinal fluid pressure and an examination 
of this fluid shows an increased cell count 
but no marked increase in globulin. 

The condition is very rare. The symp- 
toms are mild and disappear after six to 
ten days with no after effects, except 
possibly a later neurosis which should be 
prevented. The following measures should 
be employed as indicated: 

(a) The back pain is often relieved by 
placing a pillow under the small of the 
back. 

(b) The persistent headache will be 
relieved by the withdrawal of 10 to 15 
c.c. of the spinal fluid. 

(c) The nervousness and later neuroses 
can be overcome by reassuring the patient. 
Never discuss the complications with the 
patient, except to reassure him. 

2. Purulent Meningitis. This is due to 
a faulty technique, just as is the infective 
peritonitis that follows a clean laparotomy. 
It is the same risk of sepsis encountered 
in every surgical case. The symptoms 
show themselves, usually, during the first 
twenty-four to forty-eight hours. Head- 
ache and restlessness are followed by the 
characteristic signs and symptoms of 
infectious meningitis. Lumbar puncture 
will usually show a turbid spinal fluid. 
The pressure will be abnormally high and 
the cell count and globulin content greatly 
increased. The literature for the last 
twenty years shows only g such cases 
with 2 deaths. As a rule the meningitis 
tends to clear up spontaneously in ten to 
fifteen days with no after effects. The best 
treatment, available is the following: 

(a) Frequent decompression lumbar 
puncture. 

(b) Hypertonic solution, intravenously, 
which tends to clear up the intense head- 
ache and other symptoms when nothing 
else will. Use 30 per cent glucose in physi- 
ologic salt solution and give about 200 c.c. 
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E. NEURITIS AND THE PALSIES 


The neuritis or palsy following spinal 
anesthesia is also rare. When it does occur 
it should cause little anxiety because it 
clears .up spontaneously with no after 
effects. The one exception is the sensory or 
motor paralysis due to trauma of the 
nerve roots. This is due to difficulties in 
performing the lumbar puncture and may 
be permanent. The palsies may be divided 
into two classes: 

Types. 

1. Due to Trauma at Site of Puncture. 
Here we find the motor or sensory terminal 
disturbances due to the spinal needle 
hitting the spinal roots or the nerves of 
the cords equina. There may be sharp, shoot- 
ing pains, muscle spasm, anesthesia in the 
lower extremities, transient paralysis or 
irritation of the vesical or anal sphincters. 
These are due toaslight trauma of the nerve 
roots and will usually clear up within a 
few dayswith no later complications. 

When the nerve roots are more severely 
damaged there will be a more lasting 
anesthesia or paralysis. When the con- 
tinuity of the nerve roots is severed there 
will be permanent damage. Unlike the 
puncture of a nerve root, the puncture 
of the cord usually causes neither pain 
nor after effect. Fortunately organic cord 
changes do not come on Iater in life follow- 
ing spinal anesthesia. On several occasions 
patients with organic cord lesions have 
tried to prove that these lesions resulted 
from spinal anesthesia. A search of the 
literature revealed only 2 cases where, 
after a thorough neurological examination, 
such a claim, following a lumbar puncture 
could be justifiable. 

2. Due to Damage at a Distance. These 
are the later palsies. They are limited to 
the extra-ocular muscles and usually to the 
muscle supplied by the abducens nerve. 
If it occurs it ordinarily appears during the 
second week after the operation. The first 
symptom is slight photophobia, followed 
by diplopia which is very annoying to both 
the patient and the surgeon. One or more 
of the symptoms of meningeal irritation 
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usually accompanies the ocular symptoms. 
After about ten days the paralysis retro- 
gresses and clears up spontaneously by the 
third or fourth week. It is not known why 
this particular nerve should be involved. 
The more important theories are: 

(a) This nerve may have a special 
susceptibility to the drug. 

(b) Because of its long passage through 
the spinal fluid, it is more exposed than the 
other nerves or nerve roots to the drug or 
the spinal fluid contaminations, e.g. capil- 
lary hemorrhage, air bubbles, foreign 
bodies, etc. 

It is the author’s belief that this is one 
of the symptoms of a low-grade meningitis 
or meningismus and that it can be elimi- 
nated by using sterile solution, better 
technique and better postoperative care. 

The neuritis or pain in the back and 
lower legs may be the result of slight 
trauma by the needle to the skin or 
meninges or to bruises or strains occurring 
at a time when the patient is unable to 
react to any cramped or uncomfortable 
position. They clear up in a few days and 
should cause no grave concern. 


F. NAUSEA AND VOMITING 


With the exception of cases in which it is 
necessary to place the patient in the 
Trendelenburg position or to pack off the 
upper abdomen tightly, nausea and vomit- 
ing occur only where there have been errors 
or omissions in the procedure. Nausea and 
vomiting as complications of spinal anes- 
thesia are in no way related to the nausea 
and vomiting resulting directly from opera- 
tive manipulations or from pre-existing 
pathology. Moreover, there is no severe 
postoperative nausea and vomiting after 
spinal anesthesia alone. There may be 
several different causes for these symptoms 
during a spinal anesthesia, the majority 
of which can be eliminated. They are: 


Causes and Treatment 


1. Cerebral Anemia. The nausea and 


vomiting from cerebral anemia occurs 
during the first fifteen minutes of the 
anesthesia or when the patient is suddenly 
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moved. It may be merely the slight nausea 
which is a concomitant of low blood 
pressure or it may go on to severe vomiting. 
It can be prevented or readily stopped 
by the methods used for treating a vaso- 
motor collapse. Frequent deep breaths or a 
drink of spirits of ammonia will usually 
stop it. Some advise the more rapidly 
diffusing vasomotor stimulants such as 
nitrous oxide or ether. The author has 
found that oxygen inhalation, wet towels 
applied to the face, exaggerated breathing, 
the initial hypodermic of adrenalin and 
elevation of the head and shoulders are 
sufficient to prevent or relieve this type of 
vomiting. 

As in all other cases of cerebral anemia 
the head and shoulders must be flat. The 
patient should be placed in the Trendelen- 
burg position and be treated as outlined. 
Further collapse must be guarded against. 

2. Psychic Nausea. This type of nausea 
is the result of certain mental impressions. 
The patient may be reacting perfectly well 
to the operation and be showing no signs 
of either pain or excitement and then 
become suddenly extremely nauseated, 
vomit and extrude the viscera through the 
abdominal incision. These upsets com- 
monly follow lack of preoperative morphia 
and poor psychology on the surgeon’s part. 
Such questions as “Does it hurt?” and 
“You must be quiet now and help us” 
are rather suggestive. This nausea is the 
result of the terrifying thoughts of an 
overactive mind which are often intensified 
by the thoughtless questions of a busy 
surgeon. The attack is very similar to that 
which occurs when one first sees human 
blood, mutilated bodies, etc. Those who 
have tramped the battlefields of France 
will testify that this is possible. Suffi- 
cient morphia, and an entertaining and 
cooperative anesthetist will eliminate this 
complication. | 

3. Reflex Vomiting. We know that 
thoraco-abdominal paralysis, causing 
excessive action of the diaphragm in 
breathing, a sudden change in the position 
of the patient, packing against the stomach, 
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and manipulation of the stomach and 
duodenum, all interfere with the normal 
function of the stomach. This dysfunction 
added to an already existing slight cerebral 
anemia is often sufficient to start a reflex 
vomiting. It should be guarded against 
but when it does occur it may be promptly 
relieved by discontinuing the irritation and 
combating the anemia of the medulla. 

4. Postoperative Nausea and Vomiting. 
This may develop as an accompaniment of 
the spinal puncture headache or may be 
one of the symptoms of a meningeal 
irritation or infection. The nausea and 
vomiting are not ordinarily severe and will 
clear up as the other condition improves. 


G. HEADACHES 


Though the vasomotor collapse is the 
most feared, the persistent headache is 
the most annoying complication of spinal 
anesthesia. Its frequency has discouraged 
many who have tried this form of anes- 
thesia. These headaches have a definite 
etiology. They can be prevented in more 
than 95 per cent of the cases and when 
they do occur they can be quickly relieved. 
Since the various types can be easily 
differentiated, one will save himself from 
many inconveniences if he will but use 
simple preventatives and be exact in his 
treatment. 

1. Lumbar Puncture Headache. It is 
the most common headache following 
spinal anesthesia and is characterized by 
a pathognomonic set of symptoms and a 
definite treatment. It is not dependent 
upon the blood pressure of the patient 
and it may occur regardless of fluid 
removed. A later lumbar puncture will 
show that the spinal fluid pressure is lower 
than it was at the time of the anesthesia 
and an examination of the fluid will show 
a decrease in the cell count and globulin 
content. The patients usually complain of 
an occipital or a parietal headache which 
appears during the first twenty-four 


hours after operation and which gradu- 
ally increases in severity. The headache is 
worse when the head and shoulders are 
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raised but completely disappears when the 
head and shoulders are lowered. No drug 
gives sufficient relief to allow the patient 
to sit up and do any form of work. 

When the physiology of this headache 
is understood and atraumatic induction Is 
practiced, it can be eliminated. The 
following important points should be kept 
in mind: 


Precautions 

(a) Keep the patient perfectly quiet 
while the spinal needle is being inserted. 
This will keep the needle from tearing a 
slit in the dura. 

(b) Use a very small spinal puncture 
needle. 

(c) Keep the patient in shock position 
for twenty-four hours after operation. 
Be sure that during this time the patient’s 
head is always at a level lower than his 
pelvis. This allows a clot of fibrin to form 
over the hole in the dura, preventing 
leakage and thus preventing the headache. 
Without this treatment the headache, if 
it appears, lasts seven to ten days while 
the aperture closes by the normal healing 
process of tissue. 

If the patient develops this headache 
after the foregoing precautions have been 
observed, or has a headache which fails 
to clear up, look for other causes. If none 
are found proceed as follows: 


Treatment 

(a) Lower the head for another twenty- 
four hours. 

(b) Completely eliminate all forms of 
stimulation and excitement. 

(c) Give 1 ampule of surgical! pituitrin, or 
ephedrine hydrochloride, 3g to 34 grain, 
intramuscularly; this may relieve the 
mild cases. 

(d) The more severe cases can often be 
relieved by a hypotonic saline solution 
given intravenously. Give about 100 c.c. 
of a 0.5 per cent sodium chloride solution. 
It may be painful for a few minutes, but 
this pain will be much less than that due 
to the headache, which it will relieve 
within twenty to forty minutes. 


New Series Vot. V, No. 6 


(e) Do not do a lumbar puncture as it 
will make this type of headache worse. 

(f) Force fluids. Give one glass of water 
every hour by mouth. If this cannot be 
done give 1000 c.c. every six hours by 
the Murphy drip method. 

2. Meningitic Headache. If a pure drug 
has been used this complication is a result 
of poor technique in administration. This 
headache is entirely different from the 
lumbar puncture headache and it is one 
of the symptoms of post-anesthetic men- 
ingitis or meningismus. It results from 
meningeal irritation and is due to the 
increase in the spinal fluid pressure and 
occurs with the stiff neck, photophobia or 
other symptoms of meningeal irritation. 

Although made worse by raising the 
head and by exercise, it is not relieved to 
any extent by lowering the head and it is 
relieved by an ice cap, aspirin or mor- 
phine. A lumbar puncture shows an 
increase in spinal fluid pressure and an 
increase in cells and globulin content. 
There may be the pathological picture of 
an infectious meningitis or that of exuda- 
tion due to irritation. The headache will 
clear up if the meningeal condition 
improves. Persistent headache from this 
cause may be relieved by the following 
measures: 

Treatment 

(a) Keep the patient flat in bed with an 
ice cap on the head. 

(b) Eliminate excitement and all stimu- 
lating drinks. 

(c) Make frequent lumbar punctures to 
relieve the spinal fluid pressure. 

(d) Give diuretics, cathartics and hyper- 
tonic solutions by mouth and intrave- 
nously, if necessary. The intravenous 
infuson of 10 per cent glucose in physio- 
logic salt solution will relieve the headache 
if nothing else will. As much as 1000 c.c. 
may be given and it may be repeated after 
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six to eight hours. This is one of the best 
diuretics. 

3. Meningeal Reflex Headache. This is 
the mild headache which occurs two or 
three hours after the spinal injection and is 
usually gone by the end of the third 
postoperative day. It results from menin- 
geal irritation, especially when a large 
needle has been used or when there has 
been difficulty in entering the dural canal. 
It is not serious and occurs infrequently 
in the hands of experienced surgeons. It 
will cease spontaneously within a few days 
and is readily relieved by mild sedatives 
or morphine. 

It should be realized that most of these 
headaches are the result of errors in tech- 
nique and that they are excellent symptoms 
for the neurotic to enlarge upon. The 
etiology should be sought for so that 
recurrences may be prevented. Common 
causes are injected air bubbles, punctured 
veins, traumatized tissues, or puncture 
with needles of too large caliber. 


RECAPITULATION 


The complications of spinal anesthesia 
have been thoroughly discussed, not to 
precipitate fear of this anesthesia but to 
show that severe complications can arise 
if we are lax in our technique or are not 
always vigilant. Alarming complications 
are conspicuous by their scarcity and 
infrequency. We see very few after-effects 
of this anesthesia. These are chiefly 
dependent on the fall in blood pressure, 
which itself can be controlled as described. 
The two most serious complications of 
spinal anesthesia in the past have been 
spinal puncture collapse and respiratory 
failure. These have become vary rare 
indeed since the modern methods of admin- 
istering spinal anesthesia have been more 
widely adopted and its users have gained 
greater experience. 


{ { 


INHALATION AND COLONIC 
ANESTHESIA’ 


James T. GwWATHMEY, M.D. 


NEW YORK 


NHALATION _ anesthesia, without 

preliminary medication, the first and 

crude pioneer method of alleviating 
pain for surgical operations, is being 
quietly and gradually displaced by the 
more modern, safer and saner methods 
that preclude the possibility of fright 
(and occasionally death from fright); 
methods that maintain a normal blood 
pressure, except of course during certain 
necessary surgical procedures; methods 
that do not interfere with the physiological 
balance between respiration and circula- 
tion, methods that return a patient to 
his bed in a pain-free condition and 
without nausea and vomiting. Local, spinal, 
paravertebral, regional, parasacral, caudal, 
anoci-association, each when used with 
the proper preliminary medication, do 
these things. 

As compared to spinal anesthesia, to 
one who is thoroughly acquainted with 
both methods, rectal anesthesia is unques- 
tionably the safest. The fact also that the 
time period before any sedative is required 
is usually three hours or more, is to the 
credit of rectal anesthesia. Spinal anes- 
thesia is in itself a surgical operation, 
requiring special technique and the usual 
precautions taken with all surgical pro- 
cedures. Spinal anesthesia will be greatly 
improved when all patients are prelimi- 
narily medicated to such an extent that 
they are indifferent or oblivious to their 
surroundings. But even with this improve- 
ment, rectal anesthesia when thoroughly 
understood is safer and from many stand- 
points superior to the spinal method. 

Inhalation anesthesia, per se, even with 
nitrous oxide or ethylene and oxygen, is an 
unphysiological procedure. Why? Because 
when you place a mask upon the face of 


the patient, even with the best technique, 
hyperpnoia to a greater or lesser extent 
ensues. (Compare respiratory rate on 
Frazier’s charts, Figs. 3 and 4.) This 
load is immediately thrown upon the 
heart and if the operation lasts over an 
hour, symptoms of exhaustion and shock 
to some degree will appear. Usually the 
patient recovers from these symptoms. 
The fact that thousands of operations 
have been done in well known clinics under 
inhalation anesthesia without preliminary 
medication, and seemingly with no ill 
effects from this procedure, does not prove 
the contrary view. Lowsley and Rogers! in 
a classic paper, show that when inhalation 
anesthesia is used unusual hemorrhage 
occurs In 31 cases as compared to 6 cases 
with regional anesthesia. Shock occurs in 
23 as compared to 3; complications are 
24 to 13; postoperative days are 33 to 
22.7, and finally, the number of deaths is 
14 as compared to 3. 

This comparison of inhalation to 
regional, in my opinion, is applicable to 
all the other methods mentioned above and 
also to colonic anesthesia. 

The laboratory experiments of Gwath- 
mey and Hooper? showing that when 
preliminary medication is omitted, lung 
lesions occur that do not occur when 
preliminary medication is given (the ani- 
mals receiving all inhalation agents; nitrous 
oxide, ethylene, ether, etc.), indirectly 
proves Lowsley’s work and suggests the 
idea that the best method for using 
inhalation anesthesia is merely and only 
as a supplement, preceded by a safe 
preliminary medication that will produce 
relaxation and indifference on the part of 
the patient to his surroundings or complete 
unconsciousness. 


*Submitted for publication, November 15, 1928. 
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Colonic anesthesia, embodying in itself the dog with this method as with any other 


both the preliminary medication and the 
final anesthetic agent, from any and every 
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Fic. 1. Comparison of rates of evaporation of different 
mixtures of olive oil and ether. (Baskerville) “Anes- 
thesia,’”” Gwathmey, J. T., N. Y., Macmillan, p. 441. 


standpoint is fully entitled to rank with the 
methods mentioned above, which are 
superior to the crude inhalation method 
first used over eighty years ago. 

History. This has been well written by 
Sutton.’ Corrections only are in order. 
Oil-ether colonic anesthesia was an indirect 
evolution of Honan’s‘ demonstrations of 
intravenous anesthesia. The experimental 
laboratory animal work was conducted 
under the immediate supervision of Profes- 
sor Wallace of the Pharmacological Depart- 
ment of University and Bellevue Medical 
College. Here it was proved that: 

1. This method was unsatisfactory unless 
preceded by morphine. 

2. Respiration, pulse and blood pressure 
are as evenly and safely maintained in 


known method of producing anesthesia. 
About the same time, the late Professor 
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Fic. 2. Effect of increased surface on the rate of evap- 
oration of ether from a 75 per cent mixture of corn 
oil and ether. (Baskerville) “ Anesthesia,”” Gwathmey, 
J. T., N. Y., Macmillan, p. 441. 


Charles Baskerville, at my request, experi- 
mented and proved by thousands of 
experiments in the chemical laboratory 
of the College of the City of New York, 
that regardless of whether the oil was 
animal, vegetable or mineral, or whether 
a 25, 50 or 75 per cent ether mixture was 
used, the rate of evaporation remained 
constant. 

These charts giving the percentage of 
ether evaporation during two and one-half 
hours, show that as far as this factor is 
concerned oil-ether, colonically, is a safe 
procedure, admitting of an absolutely 
even plane of anesthesia, which would not 
be the case if the ether evaporated irregularly, 
either in point of time or quantity. The 
charts show, furthermore, that the patient 
does not absorb a tremendoys amount of 
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ether immediately upon injection, which 
would result in anesthetic shock, but that 
he becomes anesthetized gradually in 
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ethyl chloride parts from the oil at one 
time. In the animal laboratory, ethyl 
chloride was mixed with oil and placed in 
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Fic. 3. A. H. C. Operation, second stage craniotomy, February 2, 1927. Operator Dr. Frazier. Operation started 
g.10 A.M. Operation ended 12.10 p.m. Anesthetic, local and ether. Open method. Anesthetizer, L. A. Hitz. 
Total amount used, ether 6 oz. A. S. gr. {59 B. Anes. Patient fair condition. (Courtesy Neurosurgicai 
Clinic of the Hospital of the University of Pennsylvania.) 


accordance with the constancy of evapora- 
tion of the ether from the mixture in the 
colon. 

Experiments were tried both in the 
chemical and animal laboratories, with 
one drug that does not evaporate evenly 
from an oil mixture, i.e., ethyl chloride. 

In the chemical laboratory all of the 


the dogs colon as an initiatory anesthetic 
to oil-ether (in the same way as it is used 
in inhalation, i.e., as an introduction to 
ether anesthesia) but all of the ethyl 
chloride came off at one time and killed 


the animal in less than five minutes. 
In the laboratory of the Department of 
Health of the City of New York, experi- 
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ments were conducted by William H. _ coli with two and one-half minutes exposure 
Park on the bactericidal action of oil ether in tubes of broth. Since infection from the 
mixtures using 5, 10, 20 and 30 per cent colon bacillus is to be reckoned with in 
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Fic. 4. A. H. C. Operation, third stage craniotomy, removal of tumor, April 25, 1927. Operator Dr. Frazier. 
Anesthesia started 8.45 a.m. Operation started 9.35 A.M. Operation ended 1.30 p.m. Anesthesia, colonic. Anes- 


thetizer L. A. Hitz. Total amount used, ether 6 oz., olive oil 6 oz. A. S. gr. 509, 8.15 A.M. No inhalation anes- 
thesia. Patient good condition. (Courtesy Neurosurgical Clinic of the Hospital of the University of Pennsylvania.) 


mixtures against the Bacillus coli. These many surgical operations, this fact is 
tests showed that 10 to 20 per cent oil- reassuring. It was only after many animals 
ether mixtures killed practically all B. had been used and ten consecutive charts 
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(and examination of the animal’s colon 
later) had proved conclusively that this 
was a safe procedure, that the method was 
attempted upon human beings. 

Thus it will be seen that nothing in 
medicine or surgery was ever more carefully 
investigated and completely controlled 
before being tried clinically than was oil- 
ether colonic anesthesia. 

Clinical Results. The clinic is the final 
test for all laboratory work, tending to 
improve on present methods. The best 
judges of clinical work are those who have 
used and are using this method as a routine 
and successfully. The English surgeon, 
Pickerill> states: 


For extensive or prolonged facial or jaw 
cases, such as a large bone graft, I much prefer 
rectal anesthesia to any other. I have now for 
the past six years had a fairly extensive experi- 
ence of the new method and I have never had 
cause for a moment’s anxiety on its account. 
Neither have I seen any undesirable after- 
effects. 


W. I. deC. Wheeler,® also an English 


surgeon, states: 


In my own practice, ether by the colon is 
used almost as a routine for operations about 
the head and neck. The comfort of a field free 
from the paraphernalia employed for inhalation 
anesthesia cannot be exaggerated. It is a 
method par excellence for excisions of the 
tongue or jaw and for removal of goitre or 
glands of the neck. 


In the Kessler-Hatfield Hospital in 
Huntington, West Virginia, it is used for 
all operations lasting over forty minutes. 
There it has been used over 3000 times. 
One of the surgeons, Dr. Hatfield, in a 
personal communication to me states: 


I think it is the safest; I consider it first 
among the many methods of anesthesia. 
Unquestionably, there is less reaction, less 
shock and less possibility of anesthetic com- 
plications by the rectal method than by any 
other known to surgical science . . Shock 


has been reduced to a minimum, our pneumonia 
cases have disappeared altogether and no 
complications have arisen since we adopted 
this method of anesthesia. 
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Meyer, one of the surgeons at the Skin 
and Cancer Hospital, New York City, 
and Robins,’ at that time an interne at 
the same hospital, after using oil-ether 
used as a routine for many years, stated 
that it is: 


Probably one of the safest methods of 
administering a general anesthetic known at 
the present time. If the test of safety is the 
freedom from ill effects in admittedly bad 
surgical risks, then colonic anesthesia has 
earned its right to be so considered, for in the 
experience of the New York Skin and Cancer 
Hospital, where so many of the patients are 
elderly persons with advanced visceral changes, 
and the debilitating consequences of their 
carcinomatous conditions, it has been found 
that the recovery from operation has been 
unusually free from the sequelae that seemed 
formerly to be an unavoidable sequence of 
operations in these cases . . The margin 
between full surgical anesthesia and a toxic 
dose is greater with colonic anesthesia than 
with any type of inhalation anesthesia. 


The routine method used at the Skin 
and Cancer Hospital, which was developed 
by George Semken especially for careful 
dissection of malignant growths, where 
the element of time can be disregarded, is as 
follows: 

Ether. The amount used varies between 
216 and 6 oz. (between 75 and 180 c.c.) 
the most frequent dosage being 4, 5 and 6 
oz. (120, 150 and 180 c.c.) 

Paraldebyde is constant, 2 drs. (7.4 c.c.). 

Olive Oil is one half the quantity of 
ether used. 


STANDARD FORMULAS, SKIN AND CANCER HOSPITAL 


4 OZ. 5 Oz. 6 oz. 
Paraldehyde...... 2 dr. 2 dr. 2 dr. 
2 0z oz. 3 0z 


(For details of technique, see article by Meyer and 
Robbins’) 

The late Walter Lathrop, Chief Surgeon 
of the.State Hospital at Hazelton, Pennsyl- 
vania, and his associate and successor, 
R. A. Gaughan, after using the above 
colonic technique over 2000 times, devel- 
oped the following technique which is 
especially suitable for goiters and which 
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has been used in many thousands of 
cases: 

First injection, one hour before operation 
Morphine sulphate, grain 1¢ 
Novocaine, 214 per cent 
MgSo,, 50 per cent solution, 2 c.c. 
Repeat twice at fifteen minute intervals. 
Rectal instillation, twenty-five minutes 
before operation 


Ether, 1 to 144 oz. 
Olive oil, 4 dr. 


Novocaine for skin and peritoneum. 


Thus each patient gets 14 grain of 
morphine and 6 c.c. of a 50 per cent solu- 
tion of magnesium sulphate. 

The Skin and Cancer Hospital technique 
calls for a minimum of morphine and the 
maximum quantity of ether and is espe- 
cially suitable for prolonged cases. The 
Hazelton technique calls for the maximum 
amount of morphine and the minimum 
amount of ether and is especially suited 
for cases where the cooperation of the 
patient may be necessary. The analgesia 
is the same as with the much larger amount 
of ether formerly used but is of shorter 
duration. Dr. Lathrop stated that he had 
had neither a death nor even a scare with 
this method of procedure. 

Frazier,® Professor of Surgery in the 
University of Pennsylvania, states that: 


In colonic anesthesia we have a method of 
inducing narcosis in which there is none of the 
sense of suffocation, no period of excitement, 
no harmful influence upon the pulse or blood 
pressure, no irritation of the upper air passages, 
a state of analgesia after consciousness has 
returned, a narcosis of uniform depth, the ether 
vapor is always warm, there is less post-opera- 
tive nausea and vomiting, the amount of ether 
in the system is a fixed known quantity. 


In Frazier’s article he gives a number of 
charts showing the pulse and blood pres- 
sure of a number of patients operated upon 
for the removal of brain tumors, sub- 
occipital craniectomies, subtemporal 
decompressions and laminectomies. Four 
of these charts are reproduced here, 
showing the very great difference between 
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a patient under ether inhalation anesthesia 
and one under colonic anesthesia. The 
principal fact to be noted in these charts 
is that with inhalation anesthesia the 
respirations are 28 to 36, whereas with oil- 
ether, the respirations are 20 to 24. With 
every other chart in this series under 
colonic anesthesia, the respirations are 
20 to 24. 

G. B. New, of the Section of Laryngology 
and Plastic Surgery at the Mayo Clinic, 
in a discussion of Dr, Lundy’s® method of 
using oil-ether colonic anesthesia states 
among other things that “it has always 
been a problem to keep the adult patient 
with a cleft palate asleep with a general 
anesthetic during the operation. While 
block and local anesthesia have constituted 
a distinct improvement upon the drop 
method, colonic anesthesia has been found 
still better and is used entirely in this 
group of cases.” 

Lundy states: 


I have not hesitated to use oil-ether colonic 
anesthesia in cases where there was a solitary 
kidney apparantly in good condition, and I 
have used it frequently when cauterization and 
diathermy of various parts of the mouth and 
tongue were to be carried out without packing 
off the pharynx. 


As colonic anesthesia is still a mystery 
to many surgeons it might be pertinent to 
state certain fundamental facts. In the 
hands of one who understands the tech- 
nique and the difference between the 
signs of analgesia and surgical inhalation 
anesthesia, it is unquestionally the safest 
of all known methods of general anes- 
thesia. It is necessary to give at one time 
the total amount as determined by age, 
weight and general condition of the patient 
in order to establish the ether tension in 
the blood which is required to produce 
anesthesia. As long as the mixture is in 
the rectum or sigmoid it is practically in a 
container outside of the body. The physi- 
ological effect results only when the ether 
gets in the blood stream. The evaporation, 
absorption, and eliminatiion are auto- 
matically maintained by certain inflexible 
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physical laws that maintain blood pres- 
sure, pulse and respiration in their normal 
ratio. The patient absorbs and eliminates 
114 to 2 oz. of ether per hour, depending 
somewhat upon the patient’s condition 
and the surgical operation. The rate of 
absorption is at the rate of 114 to 2 oz. per 
hour. As the ether separates from the oil 
a frigidity occurs which slows up the 
evaporation; also, as the ether evaporates 
it distends the gut and absorption is 
slowed up. The mixture is automatically 
heated constantly to body temperature, a 
small amount of ether released from the 
oil and a frigidity again ensues. (This can 
be understood by observing the frost on 
the outside of a nitrous oxide tank as it 
approaches exhaustion.) During this time, 
however, the temperature of the patient 
remains normal as determined by a ther- 
mometer placed in the mouth or axilla. 
The skin is warm to the touch. The color of 
the face suggests thorough oxidation at 
all times. The cold clammy sweat so often 
noticed with ether given by inhalation does 
not occur. Quiet respiration, so natural 
that not even the alae of the nose move, 
indicates there is no strain upon the 
respiratory center at any time. When the 
mixture is withdrawn and the anesthesia 
so terminated, the patient merges into a 
deep sleep from which he gradually 
awakens as from a natural slumber. The 
absence of nausea and vomiting and the 
fact that in some hospitals this method is 
used only in desperate cases in which 
inhalation anesthesia might be dangerous, 
would indicate there is less toxicity in 
connection with oil-ether anesthesia than 
with the usual inhalation methods. It is 
especially indicated for the very obese and 
alcoholic regardless of the nature of the 
operation. It is also best in all methods in 
surgery of the upper air passages. It is con- 
traindicated in diseases of the rectum, colitis 
and fistula. Heart, kidney or lung disease do 
not contraindicate this method. Nausea, 
shock and vomiting are rarely seen when it is 
properly given. All medication preliminary 
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to oil-ether, including the hypodermic 
and rectal instillation, can be done by any 
capable nurse, the anesthetist taking charge 
of the patient fifteen to twenty minutes 
before being brought to the operating 
room. 

A few fundamental rules are applicable 
to all methods of technique. A laxative 
should not be given. One soapsud and two 
clear water enemas the night before 
operation are usually sufficient. At bed 
time veronal or medinal, grains 10. 

Day of operation: Two hours before 
time set for operation, give a low clear 
water enema and have patient to go to 
the toilet for the last time. Arrange lifting 
sheet to include shoulders and buttocks. 
Exclude all visitors, darken room, allow 
no talking, but tell patient to try to go to 
sleep. From this time on the technique 
differs in different hospitals. One and 
one-half hours before operation, place 
patient on left side, insert 22 F. catheter 
at least 6 in. within rectum and allow 
ten minutes for the following retention 
enema: 


Morphine sulphate, grain 4 


Paraldehyde, drams 2 
Chloral hydrate, grains 10 
Ether, oz. I 
Olive oil, oz. I 


Clamp tube and allow to remain in place 
for forty minutes, until the second instilla- 
tion is given, as follows: 


Ether, 3 
Olive oil, oz. 1 


which should also take about ten minutes. 
During this time and from ten to fifteen 
minutes afterward, make pressure on 
perineum with towel, after which time 
any desire to expel the enema will have 
passed. The patient may now be allowed 
to lie in the position which is most com- 
fortable. Quiet must be maintained. Place 
moist cotton in ears and cover face, includ- 
ing mouth and nose, with a warm moist 
towel. If in a ward, the bed should be 
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screened. If in a room, lower the shades and 
close the door. 

When the patient is placed on the table, 
a wide strap should be buckled just above 
the knees and the hands should be secured 
by the sides. An occasional exclamation or 
slight movement is not an indication to 
supplement the anesthesia. Continued, 
uncontrolled movement is. The patient 
is more analgized than anesthetized. Occa- 
sionally he may talk while being operated 
upon. If supplement is needed it is never 
necessary to induce deep surgical anes- 
thesia with automatic respiration. Novo- 
caine for skin and peritoneum or a few 
drops of ether or chloroferm, or nitrous 
oxide with 50 per cent oxygen, to quiet 
the patient, is all that is necessary. 

The patient is returned to bed, the colon 
is flushed with a couple of quarts of tepid 
water. This takes away any of the anes- 
thetic agent which may remain. Four to 
six ounces of warm black coffee may then 
be given as a retention enema. If patient 
is awakened by this procedure, he will 
soon doze off again in a natural sleep 
without the aid of narcotics and is usually 


Gwathmey—Colonic Anesthesia American Journal of Surgery 601 


comfortable for one or two hours afterward 
and awakens in an analgesic state. 


CONCLUSIONS 


The removal of psychic shock, the small 
amount of anesthetic used, the absence of 
cyanosis and asphyxial elements, the main- 
tenance of normal blood pressure, pulse and 
respiration, the decrease in nausea, vomit- 
ing and gas pains, are sufficient reasons for 
using one of the various techniques of 
oil-ether colonic anesthesia. 
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SPINAL ANESTHESIA 


IN OBSTETRICS’ 


PINAL anesthesia in all fields of 
S surgery has several definite advan- 

tages, among which are: Complete 
analgesia; entire relaxation of skeletal mus- 
culature; preservation of tone of visceral 
musculature; absence of respiratory, car- 
diac, hepatic and renal irritation; minimal 
penetration of shock impulses to cerebral 
cortex; lessened bleeding during operation; 
relative freedom from postoperativ e nausea 
and ileus; immediate postoperative ability 
to ingest nutriment. 

In obstetric surgery all of these advan- 
tages are equally important as in other 
branches; some of them more important. 
The preservation of uterine tone lessens 
the tendency to hemorrhage during and 
after the third stage. The relaxation of 
skeletal muscles reduces the risk of lacera- 
tion of soft parts. The absence of renal and 
hepatic irritation is especially significant in 
pregnancy, which state so frequently makes 
inordinate demands on the functional 
capacity of liver and kidneys. The preserva- 
tion of the patient’s consciousness permits 
a degree of voluntary co-operation by the 
patient, which is required in few circum- 
stances pertaining to other types of 
surgery, but is very helpful in obstetrics. 

Of especial moment is the fact that spinal 
anesthesia has in no sense or degree any 
deleterious effect on the fetus. There has 
been no case in our experience in which 
asphyxia or death of the fetus was even 
remotely attributable to this anesthesia. 

The advantages pointed out as of general 
application to all obstetrical patients are 
even more important in the delivery of 
those exhibiting hepatic or renal toxemias. 
In spite of the great recent refinement in 
the choice and administration of inhalation 
narcotics, the researches of Stander and 
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others confirm the fact of the potential 
damage to liver and kidneys inherent in all 
such agents. No such potentiality resides 
in spinal anesthesia and it is in these classes 
of cases especially that it becomes pre- 
eminently the anesthesia of choice. 

It is also most helpful in cases in which 
cardiac insufficiency complicates pregnancy 
or labor; here the elimination of all shock 
and the relief to the laboring heart by the 
lowering of blood pressure tend greatly to 
minimize the extreme urgency of many of 
these cases. 

In acute or chronic disease of any part 
of the respiratory tract spinal anesthesia 
absolutely eliminates local irritation. As 
obstetrical surgery is never elective in 
point of time with reference to the course 
of such diseases, the availability of this 
method becomes an important factor in 
handling these cases with a minimum 
of risk. 

Our experience has not led us to recog- 
nize any serious disadvantages. Blood 
pressure fall, formerly much dreaded in 
connection with its use, has ceased to 
occasion anxiety. This depends partly on 
the use of ephedrine to combat hypoten- 
sion, but more importantly on the fact 
that the limited area of anesthesia neces- 
sary in any type of obstetrical operative 
procedure permits the use of the anesthetic 
agent in doses so small and at so low a 
level, that the danger from lowered blood 
pressure is almost negligible apart from the 
use of any medicinal agent to offset it. 

The short duration of anesthesia, aver- 
aging about three quarters of an hour, is 
rarely of moment in obstetrical procedures, 
most of which can easily be completed 
within this time. Vomiting occurs occasion- 
ally, but is rarely severe or protracted. 
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In only 1 of over 400 cases was this a 
distressing symptom. 

Postoperative headache does occur, 
being referred principally to the vertex 
and the suboccipital region; it is occasion- 
ally severe and is rarely protracted for 
several days; we believe it can be almost 
wholly prevented by care in technique and 
the proper selection of needles. 

Subjective apprehension is occasionally 
encountered, especially when the patient 
has anticipated relief by inhalation nar- 
cosis; such apprehension is readily amen- 
able to suggestion, however, and disappears 
when the patient experiences the prompt 
and complete disappearance of her pain. 
Some patients exhibit mental disturbance 
because of the paresthesia of the lower 
extremities which is common, but these 
may be easily reassured. In practically all 
cases the final psychic impression is favor- 
able, often extravagantly so, especially in 
patients who have had previous experi- 
ences with other methods of anesthesia. 

In only 1 of our cases was there any 
persistent unpleasant sequel; this was a 
. mild paresthesia of one thigh, lasting four 
weeks. 

There is, of course, a certain dexterity to 
be attained and certain details of technique 
to be observed, failure in which will make 
for unsatisfactory results. But inasmuch as 
this holds true in applying any method of 
anesthesia it is of no especial force relative 
to spinal anesthesia. 

The method is practicable and desirable 
for routine use in all types of operative 
obstetrics. We used to believe that arterial 
hypotension was a contraindication, but 
have practically abandoned this criterion, 
even in severely shocked patients, for both 
our own careful observations and those of 
others have shown that the blood pressure 
fall is proportioned to the initial blood 
pressure level; that is, where the initial 
blood pressure is high, the fall thereof 
following the spinal injection is consider- 
able, whereas, if the initial blood pressure 
be very low, the further fall resulting from 
the spinal injection is negligible. 

We also believe that spinal anesthesia 
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has a restricted usefulness in the termina- 
tion of the second stage of normal labor, a 
phase of the matter which is dealt with in 
material now in course of publication. 

Our method of administering spinal 
anesthesia is a modification of that of 
Labat. We have found no advantage in the 
use of commercially prepared anesthetic 
solutions. For all procedures at the perineal 
level, low forceps extraction, episiotomy, 
perineorraphy—50 mg. of crystallized 
novocaine dissolved in 2.5 cc. of spinal 
fluid is injected into the fourth lumbar 
interspace. For other intravaginal opera- 
tive manipulation—dilatation or incision 
of the cervix, forceps applications at the 
level of the inlet, breech extractions, 
podalic version, craniotomy and extraction, 
vaginal hysterotomy—s5o mg. of novocaine 
in the third lumbar space is used. For 
obstetrical laparotomies we employ 100 
mg. novocaine in the third lumbar inter- 
spece. All intraspinal injections are pre- 
ceded ten minutes by one 50 mg. ampule of 
ephedrine sulphate hypodermatically. A 
skin-wheal is made with 0.5 per cent solu- 
tion of novocaine before introducing the 
spinal needle. 

The type of needle used is important. It 
should be of No. 22 or No. 20 gauge and 
may be of any material available. The 
conical-pointed needle of Greene is theoreti- 
cally advantageous, but if it impinges 
against bone in its introduction, the point 
may split, resulting in a two-pronged point 
which cannot but lacerate the dura 
unnecessarily. We have come to prefer 
a sharp short-beveled needle, such as those 
of Babcock or Pitkin. 

The injection is given the patient in the 
lateral prone posture, with legs and thighs 
well flexed and with the head bowed well 
forward. This is somewhat awkward, 
but can be accomplished by having an 
assistant steady and help the patient; on 
the whole, we think it is less distressing to 
a patient in the throes of labor than the 
stooped sitting posture. There is little 
difference between the two as to the facility 
of introducing the needle. 

The latter is inserted exactly in the mid- 
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line, midway between the contiguous 
dorsal spines at the level selected, exactly 
perpendicular to both the sagittal and 
transverse body planes. If difficulty is 
encountered by impingement against bone 
before the spinal canal is entered, direction 
of the needle slightly more cephal-ward will 
usually overcome it. If it does not readily 
do so, it is usually best to withdraw and 
reinsert the needle. Usually the slight, but 
somewhat sharp elastic resistance encount- 
ered in penetrating the dura is recogniz- 
able, and serves to orient the point of the 
needle; if it does not, the needle impinges 
against the centrum of the vertebra and 
should then be slightly withdrawn. Sharp 
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pain referred to either leg, or a flow of 
blood from the needle indicates that the 
point has been directed too much laterally; 
it should be withdrawn and reinserted, 
sometimes best at the next higher level. 

The end. results have been uniformly 
satisfactory except as above noted. The 
anesthesia ensues very promptly upon the 
injection, and passes off just as promptly. 
There is no post-anesthetic depression, 
distress, or disturbance of mental equilib- 
rium. The method as applied to obstetrics 
is again offered, not in any sense as original, 
but as one deserving, in the interest of 
patients, much wider use than it has 
hitherto enjoyed. 


‘ 


POSTOPERATIVE PHASES OF 
SPINAL ANESTHESIA‘ 


Frank C. McCormack, M.D. 


ENGLEWOOD, N. J. 


URING the recent period of renewed 
1) interest in spinal anesthesia much 
has been written about the opera- 
tive advantages of this ideal anesthetic but 
little has been noticed in the literature 
regarding the postoperative clinical aspect 
of the patient which is of great importance 
to the surgeon and greater importance to 
the patient. 

For the past two years at the Pitkin 
Clinic we have made particular observa- 
tion of the postoperative convalescence of 
all patients receiving the intradural anes- 
thetic known on the market as spinocain. 
Our observations have convinced us that 
spinal anesthesia, in its present improved 
form, has many definite and proven advan- 
tages over any form of general anesthesia 
in the majority of surgical cases. 


MENTAL ATTITUDE OF PATIENTS TOWARDS 
SPINAL ANESTHESIA 


The patient receives the verdict of a 
necessary operation with less concern when 
assured that a general anesthesia is not 
going to be administered. We find that the 
patients accept their preoperative prepara- 
tion with less apprehension and fear 
because of their knowledge that they do 
not “‘have to be put asleep.” This mental 
attitude of the patient is a decided advan- 
tage, we believe, over the anxiety and 
psychical tension so often observed when 
the patient anticipates a general anes- 
thesia. Many surgeons have stated that 
the patients are more frequently concerned 
about the inhalation of the anesthetic than 
they are about the operation. In clinics 
many patients who have taken spinal 
anesthesia several times request it in 
preference to general anesthesia. 


PREOPERATIVE NUTRITION OF PATIENT 


The preoperative fast and catharsis 
routinely carried out before a_ general 
anesthesia is unnecessary in spinal block 
except when contraindicated by the opera- 
tion, namely in gastrectomies, etc. This 
added nourishment in the preoperative 
period is of marked advantage to the 
patient. There is no diminution in the 
supply of carbohydrates up to and during 
the operation. Fluids also can be given 
freely before and during the operative 
period. This point we feel is the explana- 
tion of the marked absence of postopera- 
tive acidosis, and alkalosis in spinal 
anesthesia. The normal fluid intake pre- 
vents dehydration and there is no second- 
ary depletion of the blood chlorides 2s so 
often occurs following the surgical shock 
associated with inhalation anesthesia. The 
copious ingestion of fluids before and dur- 
ing the operative period certainly expedites 
the excretion of the excess nitrogenous 
end-products and tends to prevent the 
anhydremia that accompanies the toxemia 
of surgical febrile conditions. At this clinic 
the patient receives 4 oz. of orange juice 
and 4 oz. of 10 per cent glucose by mouth, 
every hour for three to six hours before 
the operation and 8 to 16 oz. of the same 
mixture during the operation. 


DECREASE IN POSTOPERATIVE MORBIDITY 


The absence of postoperative nausea 
and vomiting is particularly noted after 
spinal anesthesia in comparison with 
inhalation anesthetics. We have observed 
a striking decrease in the postoperative 
morbidity of our surgical cases. The 
absence or infrequency of presistent post- 
operative vomiting, profuse perspiration, 
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abdominal distention, restlessness, agoniz- 
ing thirst and parched mouth presents an 
entirely changed picture throughout wards 
and private rooms. The necessary limita- 
tion of food and liquid intake, immediately 
before a general anesthesia takes its toll 
in depleting the glycogen reserve in the 
liver and causing the heat energy of the 
body to be derived from the fat and protein 
of the tissue cells. The metabolism of fat 
in the tissues is incomplete when the carbo- 
hydrates coefficient is low and the toxic 
products of the partially metabolized 
fat appear in the blood as diacetic acid, 
beta-oxybutyric acid and acetone. The 
food and liquid intake as carried out in 
preparation for, during and after spinal 
anesthesia establishes a metabolic equilib- 
rium not obtainable in the majority of 
cases of general anesthesia. 


ABSENCE OF SURGICAL SHOCK 


The complete absence of surgical shock 
following spinal anesthesia lessens to a 
marked degree the work and worry of the 
nurses, interns and attending surgeons. 
The pulse and blood pressure show little 
or no change during the hours following 
the operation except from a causative 
condition such as hemorrhage or in greatly 
debilitated patients. 


DECREASE IN PULMONARY COMPLICATIONS 


The irritation of the bronchial tubes 
produced by all inhalation anesthesia in 
a greater or lesser degree is avoided in 
intradural anesthesia. Postoperative bron- 
chitis with its painful cough and annoying 
expectoration is not observed in patients 
who have had spinal anesthesia. Inhala- 
tion tents and steam kettles are no longer 
required to treat inhalation bronchitis so 
often seen when general anesthesia was used. 
Postoperative pneumonias which occa- 
sionally followed in the wake of upper 
abdominal operations have not been 
observed in over 600 cases of gall bladder 
and stomach surgery. 
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LESSENED MYOCARDIAL STRAIN 


The cases of myocarditis, as diagnosed 
by the electrocardiograph, go through 
their operation with less jeopardy and a 
better prognosis under spinal anesthesia. 
The strain on the diseased myocardium 
produced by the labored respiratory efforts, 
increased pulmonary congestion and post- 
operative cough do not occur during or 
after spinal anesthesia. In fact the respira- 
tions are quiet and slow. The stabilized 
blood pressure eliminates the sudden 
relaxed arterial tension which in the early 
days of spinal anesthesia was much feared 
in myocardial disease. We have not had 
a mortality due to myocardial failure 
during or following spinal anesthesia. 
Under general anesthesia our past experi- 
ence taught us that the myocarditis case 
was a very grave risk. Postoperative 
stimulation is rarely indicated as compared 
to the strychnine, digitalis, caffeine sod- 
ium benzoate and camphor therapy used 
so frequently after general anesthesia. 
No doubt the absence of surgical shock 
accounts for this favorable condition of 
the patient. 

ACUTE GASTRIC DILATION AND ADYNAMIC 
ILEUS 


The occurrence of acute postoperative 
gastric dilation was an infrequent but 
dreaded complication under general anes- 
thesia. The number of gastric lavages given 
since the adoption of spinal and local 
anesthesia for all surgical operations is 
impressively less. Prolonged use and re- 
peated manipulation of abdominal packs 
and retractors in the unrelaxed and heav- 
ing abdomen of inhalation anesthesia 
undoubtedly has had much to do with 
splanchnic shock and its resultant paralytic 
gastric dilation. 

The marvelously relaxed abdominal 
walls and the collapsed state of the intes- 
tines which some French surgeon so 
fittingly spoke of as “‘abdominal silence” 
is obtainable under spinal anesthesia but 
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not under any form of general anesthesia. 
The stimulation of intestinal peristalsis 
and the relaxation of the sphincters as 
produced by the intradural injection of 
spinocain prevents adynamic ileus. The 
repeated colonic irrigation is now a rare 
agent in wards and rooms of hospitals 
using spinal anesthesia. 


SUMMARY 


The preoperative and immediate post- 
operative intake of carbohydrates and 
fluids made possible by a spinal anesthesia 
presents the patient as a better risk and 
prevents many postoperative complica- 
tions. There is absence of surgical shock 
and a marked decrease in cases of post- 
operative nausea and vomiting. Spinal 
anesthesia is a great advantage in cases of 
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hypertension, diabetes, nephritis, pulmo- 
nary tuberculosis, pulmonary influenza, 
pneumonias, eclampsia, and when patients 
are aged and debilitated. There is less 
urinary retention and no tendency toward 
urinary suppression as in general anes- 
thesia. Cases of myocarditis are a much 
better risk under spinocain than under 
drugs used in the early days of spinal 
anesthesia or under general anesthesia. 
There is much less tendency toward post- 
operative gastric dilation and adynamic 
ileus. General behavior of patients is better 
both preoperative and postoperative than 
under general anesthesia. Mortality in over 
4000 cases has been nil. Spinal anesthesia, 
as developed today, has renewed interest in 
and has advanced the ideal method for, 
surgical anesthesia of the future. 


{ 
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SPINAL ANESTHESIA 


IN ORTHOPEDIC SURGERY’ 


NEW 


ANKIND is by nature conserva- 
tive and skeptical. A new thought 
usually needs to be driven home 

by its originator or its advocates in person. 

Christianity, originated by a Jew, made 

progress in other lands only when it was 

directly expounded to the Gentiles, and, 
as often happens, the foreigner was more 
receptive. French philosophy of the eight- 
eenth century, for example, found a more 
friendly soil, or at least came earlier to 
fruit, in the American colonies than in 

France itself. Lister interpreted Pasteur 
to the English much more easily than 
Pasteur could justify himself before the 
French scientists. Neither had an easy 
time and each succeeded only because he 
wis able to show tangible and striking 
results. The human mind in the mass, even 
in the mass of those engaged in scientific 
pursuits, is youthful. It must see before 
it can adjudge. 

In spite of the advantages which the 
modern press affords for the diffusion of 
ideas, it is often still necessary for a 
pioneer to carry his discoveries to other 
lands before his influence can be felt 
outside his immediate neighborhood. Sims 
and Ramon y Cajal are two in modern 
times; Jonnesco is another. 

Jonnesco was not the first to use local 
anesthetics intraspinally, but it may be 
fairly claimed for him that he established 
the procedure as safe and reasonable. After 
having perfected a technique, he invaded 
the capitals of Europe and eventually came 
to this country to demonstrate how 
anesthesia may be induced without undue 
risk by a method which, up to his time, 
had been subjected to much criticism. 

The method of anesthetizing the spinal 
cord has steadily improved since its 
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inception and especially since Jonnesco’s 
spectacular results. I have always been 
interested in the method and have felt 
confident that it would eventually find a 
place in orthopedic surgery. In 1927 I had 
a unique opportunity of testing its merits. 

The visit of Jonnesco, and of Queen 
Marie later, had aroused our keen interest 
in Roumania, and of Roumanians in us. 
I was fortunate enough to receive an 
invitation from the Universities of Buchar- 
est and Cluj to operate and lecture 
there. For each of the operations spinal 
anesthesia was induced by the Jonnesco 
method, so that I, who came to teach, was 
able also to learn. The completeness of 
anesthesia, the ease of operation and the 
absence of untoward results amazed me. 
There was no difficulty of any kind, even 
in the inlay operation for Pott’s disease 
of the mid-dorsal region. 

Since my return I have performed a 
series of operations on the lower extremities 
under spinal anesthesia. The series is not 
large enough to report in detail, but I 
have been able to draw certain conclusions. 
That there was no mortality is of little 
significance statistically; that there was 
no evidence of shock and vomiting in only 
1 case (and that so long after operation 
as to be scarcely attributable to the 
anesthetic) was encouraging and reassuring 
in view of the results reported in past 
years. Like most orthopedic surgeons, I 
do not usually perform the first operation 
on the patient, especially in cases of repair 
and reconstruction. In orthopedic work, 
therefore, there is usually an opportunity 
for the patient to compare different 
methods of inducing anesthesia. In my 
series, the patients all preferred the spinal 
method, and, in one case, in which I had 
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to operate twice, the patient requested 
that spinal anesthesia be used again for 
the second operation. 

There are well defined standards by 
which any method of inducing anesthesia 
is judged. It must be safe. None is without 
risk, but no anesthetic will meet with 
approval if it entails more risk than those 
in use. In spite of the difficulties that have 
had to be surmounted the record of spinal 
anesthesia is good. Large series have been 
reported with a mortality between that 
of chloroform and that of ether. Such large 
series must include many cases in which 
the technique of administration and the 
anesthetic used were not as conducive to 
safety as they are at present. Moreover, 
spinal anesthesia has been employed in 
many cases where the risk forbade the 
use of a general anesthetic. If an operation 
can be performed at all, in the presence of 
serious disease of heart, lungs, kidneys or 
metabolic system, it can be performed 
under spinal anesthesia. With the aid of 
adrenaline or ephedrine the effect on the 
vasomotor mechanism can be so minimized 
as to be less disconcerting than the effect 
of ether and certainly than that of chloro- 
form, on the circulatory system. Properly 
administered, novocaine has no other toxic 
effect than that which adrenaline appears 
to be able to neutralize. 1. the face of 
certain adverse reports and 4 certain 
distrust which still lingers, one should 
not be too sweeping, but I am convinced 
that, when skilfully used, in a combination 
with adrenaline which may have to be 
adjusted to the individual case, novocaine 
injected intradurally will prove to be the 
safest of all known anesthetics. 

An anesthetic must be easily adminis- 
tered. It is true there is the discomfort of 
the spinal needle, but the average patient 
will prefer that to the distressing feeling 
of losing consciousness under a general 
anesthetic. It does not take much practice 
to inject the dural canal, since the tech- 
nique is fundamentally that of aspiration 
of spinal fluid. The anesthetist must be 
sure that his needle is in the dural canal 
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or he will not induce anesthesia; and that 
it is not in a vein or he will induce too 
much. Familiarity with the feel of the 
needle overcomes these obstacles. 

From the standpoint of the orthopedic 
surgeon the qualification of any anesthetic, 
next to its safety, is its ability to induce 
muscular relaxation. Probably surgeons 
differ, but I do not work at ease unless 
relaxation is complete. I think most of us 
push anesthesia as far as we may with 
safety. Not only is it easier to operate in 
a relaxed joint, or on bones that are not 
distorted by muscular spasm, but it is 
easier to determine the nature of obstruc- 
tion to free movement evident during 
consciousness. Muscular spasm disappears 
and the limitations of movement due to 
adhesions or malformations stand out 
clearly. To me, spinal anesthesia has this 
supreme virtue that it produces absolute 
paralysis of the muscles and permits 
maximal exposure of the field of operation 
in a joint. 

To this advantage I should add another 
which both I and my colleagues have 
observed, although any comment which 
others may have made on it has escaped 
my notice. I refer to the hemostatic effect 
evident in the field of operation. It is true 
that we inject adrenaline subcutaneously 
in sufficient dosage to maintain the blood 
pressure, but one could not attribute 
hemostasis to adrenaline freely injected 
at a distance. If this phenomenon accom- 
panies spinal anesthesia without the 
addition of adrenaline (and I have not 
investigated the problem), it might be 
suggested that paralysis of the spinal 
nerves to a part is accompanied by an 
exaltation of the vasoconstrictor mecha- 
nism in that part. The physiologists and 
pharmacologists will no doubt supply the 
solution. 

The chief disadvantage of spinal anes- 
thesia is its limitation to the surgery of 
the trunk and lower extremities. To the 
orthopedic surgeon, as well as to the 
neurological surgeon, that is a_ serious 
limitation. By “pumping” the spinal 
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fluid back and forth with his syringe, the 
anesthetist can cause the novocaine to 
diffuse widely through the dural canal, 
but he must not push the process too 
far. There does not seem to be any way 
of extending the method beyond its 
present scope. 

Bone surgery is a pretty severe test of 
the courage of the conscious patient. Chil- 
dren and nervous patients are poor subjects. 
The former are too young to be influenced 
by reason and the latter approach the 
operation in too high a state of apprehen- 
sion; neither can provide the cooperation 
essential to operation on a _ conscious 
patient. At the very outset comes the 
prick of the needle and the thin veneer 
of reassurance gives place to blind instinct. 

Unfortunately children, especially those 
suffering from congenital deformity, pro- 
vide their full share of orthopedic cases 
and chronic diseases of joints in adults 
are notoriously associated with reduced 
powers of resistance, both bodily and 
phychic. Repeated operation, deferred hopes 
and the fretfulness engendered by the 
deformities and restrictions of bone disease 
combine to deplete the morale of the 
average patient. More especially, if he 
has been reduced to dependence on others 
for help in his necessary activities, he 
comes to demand a special mitigation of 
the rigors of treatment for his benefit. He 
is an unlikely subject for any but complete 
anesthesia. 

Much may be done to maintain the 
patient in a degree of equanimity during 
the operation. He is reasoned with, or 
reassured, or comforted or put on his 
mettle as occasion demands. Above all he 
is dealt fairly with, so that he knows what 
to expect. He should be diverted during 
the operation and never be questioned 
as to the amount of pain he suffers; his 
expression will reveal all the necessary 
information. The surgeon and his assist- 
ants are abundantly able to carry the 
burden and he is only wasting his time 
and actually getting in the way by thinking 
about it. Soon he will be all fixed up and 
back in his bed with a nice restful sedative. 
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So one might elaborate on ways and 
methods, on tone of voice and expression 
and gesture as one tides a patient over 
what is to him a trying and anxious time. 
If we are to operate on conscious patients, 
we must take due cognizance of the new 
element, namely, the conscious mind. It 
thus becomes a part of sound surgery, 
since it bears on the success of the oper- 
ation, to apply what little we do know of 
the laws of human, and inhuman, behavior. 

Much concern was caused by the severe 
reactions which sometimes followed the 
intradural administration of drugs of the 
cocaine group. An alarming fall in blood 
pressure presaged shock, unconsciousness 
and sometimes death. Such complications 
are now less severe and less common. I am 
convinced that in many of these cases the 
fault lay not primarily with the drug but 
with instability of the vasomotor system. 
That the reaction of the circulatory 
distribution and blood pressure to psychic 
stimuli varies widely in different indi- 
viduals is a matter of common observation. 
This reaction is counteracted, more or less 
successfully, with adrenaline or ephedrine 
in relatively fixed dosage. As more is 
learned about blood pressure and the 
causes of these variations in the eflicacy 
of its control, we shall be better able to 
suit the dose te the individual requirement. 
The nausea and vomiting are assumed to 
be related phenomena. I control these by 
posture, especially by lowering the head. 

The lamest argument against spinal 
anesthesia is that one is committed to a 
procedure from which one cannot with- 
draw. The anesthetists are only coming 
face to face with a problem which confronts 
the physician and the surgeon daily and 
which, after all, is one of the commonest 
problems in life generally. 

All in all, the more I see of spinal 
anesthesia, and the more I weigh it in my 
mind, the more convinced I am that it has 
a wide use in orthopedic surgery, in spite 
of its necessary limitations. It has passed 
the experimental stage and awaits only that 
perfecting, which advancing knowledge 
brings to all branches of medicine. 


SPINAL ANESTHESIA 


IN KIDNEY AND URETERAL OPERATIONS* 


Howarp §. JECK, M.D., F.A.C.S. 


NEW YORK 


EGINNING with the year 1920 and 

up to the present time we have used 

spinal anesthesia in upwards of 600 
cases on the Bellevue Urological Service. 
The great majority of these anesthetics 
have been administered for perineal or 
scrotal operations of one type or another, 
comparatively few for abdominal opera- 
tions below the umbilicus, such as supra- 
pubic prostatectomies and bladder opera- 
tions and, until recently, none at all for 
kidney or upper ureter surgery. Prior to 
1920, because of one or two unfortunate 
experiences attributed to it, spinal anes- 
thesia was discontinued at Bellevue Hospi- 
tal for a period of several years. After its 
resumption we proceeded with its employ- 
ment a little timidly, perhaps more timidly 
than our results justified. At any rate, it 
was not until two years ago that we began 
to perform suprapubic prostatectomies or 
excise bladder tumors under spinal anes- 
thesia, and today it is the exception to do 
them in any other way. 

About eighteen months ago, encouraged 
by the reports of others,’ we tried two or 
three nephrectomies under spinal anesthe- 
sia. The operations went smoothly enough 
until the kidney pedicle was pulled upon, 
when a general anesthetic had to be given. 
In each instance the spinal anesthetic was 
only partially successful. Somewhat dis- 
couraged by these results we rather lost 
interes¢ in the employment of spinal anes- 
thesia for operations above the umbilicus. 
The writer, for one, began to believe that 
the reports from various clinics of nephrec- 
tomies successfully performed were pos- 
sibly exaggerated. But shortly after this 


1CampBELL, M. F. Spinal anesthesia: a study of its 
use in 536 cases. Anesth. e Analg., 6: 75, 1927. 
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time, the writer happened to come in con- 
tact with Dr. Simon D. Ehrlich, visiting 
anesthetist to St. Mark’s Hospital. He had 
done a great deal of spinal work. His 
accounts of high spinal anesthesias were 
so convincing that I decided to try one of 
his anesthesias on my next patient requir- 
ing a nephrectomy. He gave the anesthetic 
and the result was a success. In the course 
of the next two months, I had an oppor- 
tunity to do a few more nephrectomies. 
Spinal anesthesia was employed in these 
cases, also with success. 

We then began. to wonder why our 
attempts at nephrectomy under spinal 
anesthesia at Bellevue were unsuccessful. 
There seemed to be two reasons: (1) The 
largest dose of novocaine employed was 
100 mg. and (2) the injections had been 
made usually between the 1st and 2nd 
lumbar or 2nd and 3rd lumbar vertebrae. 
No injection had been given higher than 
the 1st lumbar interspace. 

Since all our spinal anesthesias are given 
either by our regular urological visiting 
staff or the house staff and almost entirely 
by the latter, we requested Dr. Ehrlich to 
demonstrate his method before our house 
staff. The patient selected had a tubercu- 
lous kidney and required a nephrectomy. 
She was a Pole, very nervous, terribly 
afraid of being hurt and could neither 
speak nor understand English. She was 
almost the worst type of patient for this 
kind of demonstration. But the anesthetist 
rose to the occasion, employing 200 mg. of 
novocaine in the form of Pitkin’s solution. 
The anesthesia was apparently perfectly 
successful, the kidney being removed 
without causing the patient any pain that 
we could detect. 

Since this nephrectomy, which was the 
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first on our Urological Service in which a 
spinal anesthetic really worked successfully, 
we have employed Pitkin’s solution in all 


Right 


Left 
Fic. 1. Roentgenogram of patient with large branching 
calculus in right kidney pelvis. Urogram of left side. 
No injection into right kidney pelvis or ureter. 
Stone removed under spinal anesthesia. 


our spinal anesthesias for kidney and 
upper ureter surgery as well as in those 
cases requiring low anesthesias. This prep- 
aration, as many of you know, consists of 
novocaine, starch paste, alcohol, strych- 
nine sulphate and normal saline. The alco- 
hol reduces the specific gravity of the 
solution permitting the anesthetic to float 
on the spinal fluid while the starch paste 
renders the solution more viscid than 
spinal fluid and thereby, theoretically at 
least, prevents rapid dissemination. The 
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strychnine is dded for its direct stimulat- 
ing action on the vasomotor centers. 


TECHNIQUE 


An important feature of Pitkin’s tech- 
nique in spinal anesthesia is the anesthe- 
tization of the skin and subcutaneous tis- 
sues at the site of the lumbar puncture with 
a I per cent solution of novocaine contain- 
ing 0.05 gm. of ephedrine. This is a suffi- 
cient amount of ephedrine to prevent the 
rapid drop in blood pressure which usually 
occurs after the injection of novocaine into 
the spinal canal. 

The complete technique employed in the 
case mentioned and also in the subsequent 
cases where a high anesthesia was desired 
is as follows: 

Morphine 14 grain and hyoscine } 1400 
grain are given one hour before the time 
set for the operation. The patient is placed 
on the operating table on the right side. At 
the ste of the spinal tap, preferably in the 
space between the 1st and 2nd lumbar 
vertebrae, a solution of novocaine and 
ephedrine are injected into the skin and 
subcutaneous tissues. Lumbar puncture is 
then performed in the usual way but with a 
needle having a short point and no larger 
than a 22 gauge. (The larger needles cut too 
big a hole in the dura and encourage the 
escape of spinal fluid after the needle is 
withdrawn.) About 30 drops of spinal fluid 
are allowed to escape, to make room, so to 
speak, for an equivalent amount of Pitkin’s 
solution which is then injected very slowly. 
Two c.c. of spinal fluid are then slowly 
aspirated back into the syringe and just 
as slowly reinjected (barbotage). The 
needle is withdrawn and the site of injec- 
tion sponged off with alcohol. The head of 
the table is then immediately lowered. If 
the area of anesthesia is not sufficiently 
high the head of the table is then raised by 
degrees, for, according to Pitkin’s theory, 
the anesthetic floats on the spinal fluid 
and is not rapidly disseminated. Thus the 
height of the anesthesia may be governed 
by the angle which the recumbent patient 
makes with the horizontal. 
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BLOOD-PRESSURE REACTION 


The behavior of the blood pressure dur- 
ing an operation under spinal anesthesia, 
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Cuarr 1. Systolic (s) and diastolic (p) blood pressure in 
a nephrectomy for tuberculosis of the kidney. Two 
hundred mg. of novocaine (Pitkin’s solution) given 
between 12th dorsal and ist lumbar vertebrae. 
Perfect anesthesia throughout. 


especially a high spinal, is interesting. Just 
how much the blood pressure is influenced 
by the anesthetic itself and how much by 
the operative procedure it is difficult to 
estimate. In most cases both factors play 
a part. Certainly in kidney operations 
where it becomes necessary to pull upon 
the kidney pedicle, the blood pressure 
drops to a certain extent. Usually the fall 
in systolic pressure is 10 to 20 points, but 
exceptionally it may drop 40 points or even 
more. The pulse seems to be uninfluenced 
by the drop in blood pressure. In fact, in 
several cases it has been noted that when 
the blood pressure was at its lowest level, 
the pulse more nearly approached the 
normal. 

Charts 1 and 1 illustrate the blood- 
pressure curves in average cases. In the 
majority of instances there will be an 
immediate drop in the systolic pressure of 
20 to 30 mm. of mercury (Chart 1). In a 
few cases there will be an actual immediate 
rise in the systolic pressure as shown in 
Chart 1. This is doubtless due to the 
stimulating effect of the preliminary injec- 
tion of ephedrine which also plays an 
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important part in other cases where there 
is no greater drop in systolic pressure than 
30 points. 
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Cuart u. Systolic pressure in a nephrectomy for 
tuberculosis of the kidney. Two hundred mg. of 
novocaine (Pitkin’s solution) given between 12th 
dorsal and 1st lumbar vertebrae. Perfect anesthesia 
throughout. s indicates systolic pressure before 
anesthesia was given. 
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While a sudden fall in blood pressure is 
frequently alarming to the novice who 
gives spinal anesthesia, experience has 
shown that it is by no means indicative of 
the patient’s actual condition during opera- 
tion. Unless symptoms such as sudden 
pallor, rapid respiration or vomiting super- 
vene, there is no occasion for alarm. Under 
such circumstances the giving of 0.05 gm. 
of ephedrine by hypodermic injection and 
further dropping the head of the table 
will usually suffice to alleviate the distress 
on the part of the patient. 


SUMMARY OF CASES 


Inasmuch as we resumed high spinal 
anesthesia on the Bellevue Urological 
Service only three months ago, our series of 
kidney and upper ureter operations is 
small.* To date we have done 10 such 


operations, a summary of which is as 
follows: 
I 
Ureterotomies for stone (high)....... 3 
Ureterotomies for stone (low)........ 3 


In 8 of the 10 operations the anesthesia 


worked successfully, that is, the patients 


experienced no pain and no supplementary 
general anesthesia was given. 


* Elsewhere I have performed a comparatively large 
number of nephrectomies under spinal anesthesia. 
These cases will be reported later. 
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Of the cases successfully done, attention 
should be directed especially to one in 
which pyelotomy was performed. The 
kidney contained a large branching cal- 
culus. This was removed through an 
incision into the parenchyma as well as the 
pelvis. The patient’s postoperative tem- 
perature did not go above 1o00°Fr. and he 
was out of bed in less than two weeks. 
Prior to operation the right kidney, the one 
which contained the stone, showed a 
functioning capacity, according to the 
indigo carmine and urea tests, about half 
as good as the left kidney. Three weeks 
after the operation, according to the same 
tests, the function of the right kidney was 
about equal to that of the left. Ureteral 
specimens from both kidneys showed a few 
pus cells and staphylococci. 

In the 3 high ureterotomies, the oblique 
loin incision below the last rib was 
employed. In the lower ureter operations, 
Gibson’s incision was the one of choice. 

Of the z operations in which the anes- 
thesia was not successful throughout, one 
was a nephrectomy and the other a low 
ureterotomy. In the former the operator 
had to deal with a very large kidney and a 
very short pedicle. There were many dense 
adhesions. The anesthesia worked well for 
forty-five minutes and then it became 
necessary to finish the operation under 
general anesthesia. The ureterotomy opera- 
tion was a secondary one for a small stone 
near the bladder. There were many adhe- 
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sions. The anesthesia worked perfectly for 
an hour which is ample time ordinarily for 
such a procedure. 

It is interesting to note that only 1 of the 
10 patients reported suffered from post- 
operative abdominal distension. But even 
in this case it was not the troublesome 
type of ileus which so frequently follows 
kidney and high ureter operations per- 
formed under general anesthesias. 

Our idea in reporting such a small 
number of cases at this time is simply to 
call attention again to the fact that high 
spinal anesthesia is a practical procedure. 
It seems to be especially indicated in 
urological surgery where so much depends 
on conserving the kidney function. Kidney 
operations, particularly nephrectomies, at 
times difficult under general anesthesia, 
are rendered comparatively easy when 
performed under spinal anesthesia by 
virtue of the complete relaxation obtained. 
There are no violent respiratory move- 
ments which so frequently embarrass the 
operator. In nephrectomy for the average 
tuberculous kidney, the advantage of spinal 
anesthesia becomes at once apparent. 

Several years ago in a report of an 
operation performed under parasacral anes- 
thesia, the writer inadvertently used the 
expression, “the anesthesia was a howling 
success.” In designating certain of the 


anesthesias in the foregoing as successful, 
I do not mean they were judged by this 
standard. There were no howls. 
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LUMBAR ANESTHESIA 


REMARKS BASED ON 1100 CASES* 


James T. CAsE, M.D., F.A.C.S. 


BATTLE CREEK, MICHIGAN 


GREAT deal of prejudice still 

exists against the employment of 

spinal anesthesia. Perhaps the very 
name “spinal” anesthesia has much to do 
with this prejudice. Most physicians per- 
sonally experience some reluctance to 
undergoing spinal puncture and they seem 
to feel that they must protect their patients 
from any procedure which involves putting 
a foreign substance into the spinal canal. 

Introduced by Corning in 1885, and 
popularized for a time by Bier in Germany 
and Tuffier in France, spinal anesthesia 
soon fell into disrepute because of incom- 
plete successes and untoward effects result- 
ing from the use of cocaine as the anesthetic 
agent. Revival of interest in the method 
followed the introduction of stovaine and 
novocaine in the year 1904, but this inter- 
est lagged until the Great War brought the 
need for renewed interest and wide adop- 
tion of this form of analgesia. Up to 1914 
spinal anesthesia was reserved for special 
and limited cases. Coincident with the war 
there appeared several French preparations, 
notably French novocaine, which gave 
greatly improved results. 

The literature abounds with reports of 
large series of operations under spinal 
anesthesia. I will mention only a few: 
Yount, 7000 cases; Duvergey, 1600; Moriel 
2876; Riche, 3000; Babcock and associates, 
17,000; Guibal, 3500; Coleman, 7500; 
Negley, 5500; Juvara, 11,000. My own 
experience during the last eight years 
includes over 1100 cases. 

It will be observed that the title of my 
presentation is “lumbar” anesthesia. It 
is easy to stir up prejudice against a 
method which is unfamiliar. To avoid this 
I have adopted the term “lumbar” rather 
than “‘spinal’’ in describing this form of 


nerve block. I once had a case referred to 
me by a physician for immediate surgical 
operation in emergency. The case was 
eminently suited to the type of anesthesia 
under discussion, and I had the patient’s 
permission to go ahead with it; but just 
then the physician arrived to witness the 
operation. The physician asked: “‘ Doctor, 
what kind of anesthetic are you going to 
use with this patient?” And, without allow- 
ing me time for reply, the further demand 
was made: “You are not going to use that 
spinal anesthesia, are you?” I replied: 
“Well, I was-planning to use a low lumbar 
anesthesia.” “Oh, that will be all right, 
then,” came the answer. From that little 
experience, I learned the lesson, and every 
one of my associates in the hospital is 
requested not to use the term “spinal” 
in referring to anesthesia or diagnostic 
puncture, but rather the word “lumbar.” 
It is strictly correct, and does not suggest 
something to be feared as does the word 
“spinal.” I recommend the adoption of 
this terminology. 

I never practice high spinal anesthesia 
though I have performed a considerable 
number of upper abdominal operations 
under this form of analgesia. The spinal 
cord ends at the second lumbar interspace, 
or just above it, and I rarely find it neces- 
sary to inject at a point as high as this. 
Most of the punctures are made in the 
third or fourth interspace. 

A tray is prepared on which are laid out 
in the following order the necessary instru- 
ments: (1) A hypodermic syringe with 
very fine needle, charged with one-half 
of 1 per cent novocaine for anesthetizing 
the skin at the site of the proposed punc- 
ture. With this hypodermic I not only 
raise a good-sized wheal in the skin but 
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instill novocaine freely in the tissues down 
to the bone. (2) A scalpel with a very sharp 
point with which to puncture the skin. 
(3) A very fine, spinal puncture needle 
with obturator in place. The needle is 
preferably of some unbreakable, non-rust- 
able material and about No. 22 gauge. The 
finer needles do not permit the escape of 
fluid after the withdrawal of the needle. 
It is better to have a needle with a short 
bevel. (4) A 10 c.c. hypodermic syringe, 
empty. (5) A third hypodermic glass 
syringe, also of 10 c.c. capacity, fitted with 
a small-caliber needle, through which the 
contents of an ampule of French “Scuro- 
caine” have been drawn into the syringe. 
The patient is usually seated, though 
occasionally there are cases in which the 
lateral position is better on account of 
weakness, giddiness or recent operation 
making the sitting position inadvisable. 
The site of proposed puncture having 
been chosen and carefully sterilized by the 
means preferred, a wheal is raised at 
the point of election for puncture and the 
skin and soft tissues down to the bones 
are well anesthetized with the half of 1 
per cent novocaine. A minute puncture 
is then made in the skin, exactly in the 
midline, and through this very small open- 
ing the spinal puncture needle is entered, 
with the obturator in place. After care- 
fully inserting the needle almost to the 
point of entering the canal, the obturator 
is withdrawn, so that the escape of fluid 
will be noted at the very moment of pene- 
trating the subarachnoid space. This result 
will be felt, perhaps even heard by care- 
fully listening, as the needle is further 
introduced, following which fluid will, of 
course, begin to flow. I formerly measured 
the pressure of the spinal fluid, but after 
considerable experience, since this proved 
never to be of any particular help, I simply 
noted the force with which the fluid 
escaped through the needle. In the presence 
of evident high intraspinal pressure one 
may withdraw more spinal fluid before 
injecting French novocaine, he may inject 
a larger dose of the drug, and he may 
introduce it with much more force than is 
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possible with abnormally low intraspinal 
pressures. 

It is of the highest importance to enter 
the spinal canal with as little traumatism 
as possible. There is a markedly increased 
tendency to headache and backache from 
bungling efforts to penetrate the subarach- 
noid space, due not only to the multiple 
punctures of the membranes but also to the 
fact that with several puncture holes there 
is more likelihood of escape of fluid with 
resultant low intraspinal pressure, and 
subsequent headache and backache. There 
is also the probability of damaging nerve 
tissues if one is guilty of other than a 
minimum of traumatism. 

It has become my practice to withdraw 
only 3 or 4 c.c. of fluid before detaching 
the second syringe and connecting to the 
spinal puncture needle the third one con- 
taining the French novocaine. A further 
quantity of fluid is withdrawn into the 
syringe containing the French novocaine 
until it has been diluted from 3 c.c. original 
solution to 5 or 6 c.c. or 8 to 10 c.c. accord- 
ing to the height and duration of the 
anesthesia desired. Without further ado, 
the diluted mixture is gently pushed into 
the subarachnoid space until the desired 
amount has been introduced. The needle is 
then withdrawn at once, a bit of adhesive 
placed over the puncture in the skin, and 
after a continuation of one-half to one 
minute in the sitting position, the patient 
is placed supine, with the head slightly 
raised by supporting it sharply bent with 
the chin on the chest. This position of the 
head is assumed at once if the operation is 
upon the lower extremities or the perineum 
or bladder; after a couple of minutes if the 
incision Is to be placed wholly below the 
umbilicus; but after a still longer time if a 
higher incision is desired. Anesthesia is 
usually secured at once so that by the time 
the patient and the surgeon and his assis- 
tants are dressed sterile, the operation may 
commence. 

As a matter of routine, while the patient 
is still sitting up, just after injecting the 
French novocaine, an ampule containing 
1 c.c. of ephedrine is injected subcuta- 
neously. Since taking this precaution, we 
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very rarely observe any notable lowering 
of blood pressure; on the contrary there is 
sometimes an actual elevation of the vas- 
cular tension. Formerly we employed 
caffeine as a preliminary medicament, and 
one to be used every ten or fifteen minutes 
during the progress of the operation; but 
since introducing the use of ephedrine 
about two years ago, we seldom find use for 
caffeine. The dose of ephedrine may be 
repeated once if there is indication for it. 

The amount of anesthetic agent to be 
introduced is carefully estimated. The full 
content of the ampule is 15 cg. of French 
novocaine in sufficient normal salt solution 
to make 3 c.c. of 5 per cent solution. Thus 
the syringe when handed to me contains 13 
or 14 cg. of French novocaine, allowing for 
leakage in transferring from ampule to 
syringe. By carefully noting the markings 
on the syringe, it is easy to estimate in 
centigrams the amount of French novo- 
caine which enters the canal. For opera- 
tions on the perineum of about thirty min- 
utes’ duration 8 cg. will suffice. For multiple 
operations where anesthesia of a full hour 
is needed I employ 10 to 12 cg. For uni- 
lateral hernia or appendix operation, 8 cg. 
will suffice but introduced at a higher level; 
for a double hernia or for a pelvic laparo- 
tomy (hysterectomy, for example) it is 
better to use the full dose of 12 cg. I term 
this the full dose, for I never inject more 
than this amount. 

The level of the lumbar spine at which 
the injection is made has a bearing on the 
height and length of anesthesia. Formerly | 
injected always in the third or fourth inter- 
space, varying the amount of fluid with- 
drawn and the force with which the French 
novocaine was injected. However, as my 
experience has increased, I have come to 
use much care to inject gently, and to 
secure the higher levels of analgesia by 
making higher punctures, even as high as 
the first lumbar interspace. This suffices for 
any operation below the diaphragm and for 
operations higher than that I consider this 
form of subarachnoid injection not 
indicated. 

The lower the intraspinal pressure, the 
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higher and the more rapid the diffusion of 
the anesthetic mixture; on the contrary, 
the higher the pressure, the larger the 
quantity of the drug and the greater the 
force which may be employed in introduc- 
ing it. Hence, if one notes a very low intra- 
spinal pressure, it may be wise to inject a 
reduced quantity, say even half of the 
estimated dose; and no time should be lost 
in bending the head sharply on the chest, 
as though the patient were trying to dig 
his chin into it. 

By the maneuvers suggested, I have 
performed a considerable number of upper 
abdominal operations, including gastro- 
enterostomy, partial gastrectomy, chole- 
cystectomy, cholecystenterostomy, gas- 
trostomy, resections of colonic tumors, 
epigastric herniotomy, in addition to all 
types of subumbilical surgery. I must in 
frankness add that the only cases which 
have given me any anxiety in regard to 
difficulty in breathing have been gall 
bladder cases. These will be referred to a 
little later. 

The anesthesia lasts for from forty-five 
to sixty-five minutes on an average. I can 
recall no case in which it was of shorter 
duration and I remember very well one 
case in which I was able to complete a 
difficult combined abdominal and posterior 
resection for carcinoma of the rectosigmoid 
requiring a little less than two hours before 
the pain sensibility returned. When the 
pain sense begins to return before the 
termination of the operation it is a very 
simple matter to give the patient a little 
nitrous oxide-gas inhalation or ethylene- 
gas, a very little of which suffices to relieve 
the pain. If the operation is a prolonged 
one, I have no hesitancy in employing 
whatever degree of inhalation anesthesia 
may be required to complete satisfactorily 
the surgical work, so that I have a com- 
bined anesthesia, lumbar for the first fifty 
or sixty minutes, plus whatever duration 
of inhalation anesthesia may be necessary. 
It is remarkable that when the inhalation 
method is thus made to follow the lumbar 
injection, less of the inhalant mixture is 
required. 


| 
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The question of mental trauma must 
also be considered. Naturally we do not 
choose this method of lumbar anesthesia 
for high-strung, nervous and apprehensive 
patients, unless we calm them by prelim- 
inary medication with pantopon and scopo- 
lamine. When this for any reason fails, 
or we have misjudged the psychic reaction 
of the patient, I never hesitate to proceed 
at once with general inhalation anesthesia. 

In laparotomies I also find it very use- 
ful to employ a bit of psychotherapy along 
with the lumbar injection. It is not difficult 
to imagine the alarm which must be 
experienced by most patients realizing that 
a surgeon is about to cut into and through 
the abdominal wall, and many of our 
patients know, or think they know, so 
much about their anatomical structure 
that they easily let their imagination get 
away with them. So, in cases where I have 
not deemed it wise to give the preliminary 
narcotic or where it has failed to produce 
the desired amount of neglect of sur- 
roundings, I have my anesthetist give the 
patient pure oxygen with the anesthetic 
apparatus, so that he is fully occupied and 
is left no opportunity to speculate on just 
what the surgeon may be doing. Under 
these circumstances no talking is permitted 
except my occasional query as to how the 
patient feels, for the more quiet in the 
operating room, the more satisfactory are 
both the anesthesia and the operation. On 
the other hand, when the patient seems to 
desire to talk, I permit the anesthetist to 
carry on as lively a conversation as the 
case may seem to permit; so that a 
bystander once remarked that it was an 
excellent illustration of “hot air” anes- 
thesia. Whatever may be the device 
resorted to, I believe it is important to 
relieve the patient of any possibility of 
mental trauma from a quietly borne but 
very poignant realization that the abdomi- 
nal cavity is being opened. In perineal 
operations, or in hernia operations I very 
rarely have to give this matter any thought. 

In the opened abdomen, the “abdominal 
silence” is a joy to the surgeon. The 
intestines, which are more contracted than 
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we find them with general anesthesia, lie 
quietly without protrusion. Very often it 
is possible (and desirable) to work without 
retractors and with a slight lowering of 
the nead of the table the intestines usually 
slip out of sight into the upper abdomen 
without the necessity of packing them back 
with napkins. The possibility of working 
with a minimum of traumatism to wound 
edges and abdominal contents permits a 
celerity of operation quite consistent with 
careful and satisfactory as well as satis- 
fying work. 

The convalescence of patients operated 
upon under such circumstances is strikingly 
free from complications. I hope to publish 
an account of a comparison of similar 
cases which will illustrate this point better 
than I can tell it in my own words. Enough 
to say that the nurses in the wards of our 
surgical service find it much less strenuous 
to care for a patient with a serious abdomi- 
nal operation done under lumbar anes- 
thesia than for a similar case with the 
operation done under inhalation anesthesia. 

The discussion of this topic might be 
prolonged for several pages, in order to 
take up in detail the sequence of events 
which follow the lumbar introduction of 
novocaine: the various factors concerning 
diffusion of the drug; methods of over- 
coming difficulties in entering the theca; 
the effects on respiration; blood pressure; 
the factors concerned in the blood pressure 
manifestations; the relation of secondary 
shock following operation to spinal anes- 
thesia; the control of retching and vomiting 
which occasionally occur during anesthesia; 
the question of postoperative headaches, 
which occur very rarely with us; the 
occurrence of postoperative pneumonia, 
albuminuria and nerve complications,— 
all of which are conspicuous in our experi- 
ence by their scarcity or complete absence. 
There are a number of little devices of 
technique which make it possible to control 
with a high degree of accuracy not only 
the height and duration of the anesthesia 
resulting from the lumbar injection of 
novocaine, but also the occurrence of the 
unpleasant little complications which may 


New Series Vot. V, No. 6 


sometimes arise, and which have been 
greatly magnified by opponents of this 
highly useful form of nerve block. 

Permit me to mention the outstanding 
complications which constitute all of that 
type occurring in our experience with more 
than 1100 lumbar anesthesias in the last 
eight years. No deaths have occurred in 
this series which could by any stretch of 
the imagination be attributed to the 
method of anesthesia. There were 3 cases of 
suspension of respiration, all curiously 
enough occurring with gall bladder opera- 
tions. In 2 of them the apnea occurred at 
the moment of clamping the cystic duct 
although no traction was being made; in 
the third, a case of hemorrhagic pancrea- 
titis, respiratory collapse occurred at the 
moment of incising the peritoneum. In the 
first 2 cases a few minutes of artificial 
respiration with the aid of the oxygen tank 
of the anesthetic apparatus sufficed to 
restore tranquillity and the operations were 
terminated without further or subsequent 
anxiety. In the hemorrhagic pancreatitis 
case, it was necessary to suspend the 
operation, doing a simple drainage of the 
peritoneal cavity which was full of blood- 
stained bilious fluid containing abundant 
evidence of fat necrosis, after which the 
patient’s respiration was restored, but she 
succumbed the following day. We now 
know that such a case is not suitable for 
lumbar anesthesia, for the patient was in a 
state of shock with lowered blood pressure 
before she reached the operating table. 

The only case of nerve damage of which 
we have knowledge in our series is 
described in the following report by my 
colleague, J. M. Nielsen: 


Mrs. I. T., aged thirty-six, was submitted to 
operation for perineoplasty, which was done 
under lumbar anesthesia. When this began to 
wear off the patient complained of severe pain 
in the tip of the coccyx and in the sacral region. 
This continued unabated for two weeks and 
was relieved temporarily by heat but not in 
any other way except by opiates. With the 
pain came a saddle-shaped area of total anes- 
thesia in the perineum and buttocks, and 
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rectal and vesical insensibility, and the patient 
became involuntary and incontinent. 

When seen two weeks after operation the 
foregoing was confirmed but there was in 
addition hypesthesia in the first sacral and 
second sacral areas on the left and all Jumbar 
segments on the right. The lumbar segments 
escaped on the left, while the first and second 
sacral segments escaped on the right. The pain 
was greatly increased by raising the trunk, 
straining, coughing or sneezing. A diagnosis 
of a cauda equina lesion was made—probably 
hemorrhagic. Improvement has been steady 
but slow. At this writing, five weeks from the 
onset, there is marked sensitiveness in the 
area formerly totally anesthetic. The other 
segments have returned to function but the 
patient walks clumsily. 


The final healing in this case was com- 
plete and there is at present no complaint 
whatever, or any objective sign of nerve 
disturbance. 

In closing permit me to express my 
enthusiasm for this form of anesthesia for 
patients in adult life. I have not had much 
occasion even to consider it for children, 
but I think it would be difficult for me to 
administer it to a child. It is not suitable for 
patients suffering from vascular depression 
of marked grade, and I seldom employ it 
when the systolic blood pressure is below 
100. Myocardial degeneration with decom- 
pensation, pericardial or pleural effusions 
and recent untreated syphilis are consid- 
ered as absolute contraindications. Other- 
wise this form of analgesia is admirably 
suited to practically every kind of opera- 
tion below the umbilicus. I think it should 
be an anesthetic of selection only in certain 
cases above the umbilicus. I never employ 
it for supradiaphragmatic operations. Were 
it not for the still widespread prejudice 
against the method, I would use it much 
more extensively than I do. I have never 
had any experience to discourage me from 
this stand. We still have patients who ask 
why they cannot go to sleep so they will 
not know anything about the operation. I 
believe the day is not far distant when on 
proposing a general anesthetic the question 
will be just the opposite, “Doctor, why 
must I go to sleep for this operation?” 


NEWER METHODS OF 


CONTROLLABLE 
SPINAL ANESTHESIA 


THE USE OF PITKIN’S METHOD IN ONE HUNDRED CASES* 


JosepH L. DeCourcy, M.D. 


CINCINNATI 


LTHOUGH spinal anesthesia has 
A been employed sporadically since 
1885, when it was first described by 
Corning,' most surgeons have hesitated to 
use it on a large scale because of the alarm- 
ing fall of blood pressure and the consider- 
able number of fatalities that have been 
reported in the literature. Up until a short 
time ago I was among those who resorted 
to spinal anesthesia only when a general 
anesthetic was contraindicated. Formerly I 
limited its use largely to tuberculous, 
diabetic and senile patients and prosta- 
tectomies. 

Steel? in 1925 pointed out that a fall of 
blood pressure is constant during spinal 
anesthesia, that it is the one possible dan- 
ger, but that it may cause death. Usually 
the low point of the blood pressure occurs 
about ten minutes after the injection and 
this is the time when most of the fatalities 
have occurred. Before the advent of ephe- 
drine, epinephrine intravenously was the 
only remedy at our disposal to correct 
blood pressure collapse; but, as a prophy- 
lactic measure to maintain blood pressure 
during spinal anesthesia, Steel found ten 
minutes of ether inhalation very efficacious. 

In general, recent statistics before the 
advent of Pitkin’s method give a mortality 
of about 1 per 1000 for spinal anesthesia, 
except in those series in which it is appar- 
ent that the greatest precautions were not 
taken, in which the mortality was much 
higher. Martin and Arbuthnot*® in 1926 
reported a series of 6000 spinal anesthesias 
with 6 deaths. Their extensive experience 
convinced them that under spinal anes- 


* From the Surgical Section, DeCourcy Clinic. 


thesia: ‘‘The fall in blood pressure is 
greater than with any other anesthetic; 
hence, spinal anesthesia should not be used 
in patients with great circulatory hypoten- 
sion or in those with myocardial degenera- 
tion or anemia.” They believe that spinal 
anesthesia is most valuable and efficient for 
operations below the diaphragm when 
complete muscular relaxation is sought. 
For prostatectomy they have found it 
much preferable to ether anesthesia. “Even 
if it [the mortality} were 1 in 100,” they 
write, “‘it would still be a desirable anesthe- 
tic in selected cases because the postopera- 
tive mortality directly attributable to 
inhalation nesia in many prostatics 
is considera’: \zreater.” 

Before the work of Pitkin, an objection 
to spinal anesthesia was the difficulty of 
preventing rapid diffusion of the anesthetic 
solution in the spinal fluid. This diffusion 
made it almost impossible to control the 
anesthesia and occasionally resulted in 
death when the anesthetizing solution 
caused blood pressure collapse or reached 
the medulla oblongata. 


PITKIN S METHOD OF CONTROLLABLE SPINAL 
ANESTHESIA 


I regard the report of Pitkin’s work‘ 
as of epochal importance in the history of 


spinal anesthesia. It will undoubtedly 
move many surgeons who have previously 
been deterred by the alarming fall of blood 
pressure and an occasional fatality to 
adopt spinal anesthesia almost as a routine 
for operations below the diaphragm, as I 
have done. 

Submitted for publication November 30, 1928. 
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The introduction of spinocain, a viscous 
solution of novocaine and strychnine hav- 
ing a lower specific gravity than that of the 
spinal fluid, has enabled us to prevent 
diffusion of the anesthetizing solution in 
the subarachnoid space and also minimize 
the fall of blood pressure. The formula of 


Pitkin’s solution, or spinocain, is as 
follows: 
Gm. 
Strychnine sulphate............ 0.0022 
Normal saline q. s. ad.......... 2.00 


Encouraged by Pitkin’s report of suc- 
cessful spinal anesthesia in a large number 
of cases, I employed his method in a series 
of 100 operations. My series included 12 
cholecystectomies, in some of which there 
was a stone in the common duct; 5 gastro- 
enterostomies, 3 for duodenal and 2 for 
gastric ulcer; 4 nephrectomies; 3 prosta- 
tectomies; 2 leg amputations; also a num- 
ber of hysterectomies, perineorrhaphies 
and operations for cancer of the rectum. 
During this period all of my appendecto- 
mies, both for acute and chronic conditions, 
were performed under spinal anesthesia. 

My results have been so encouraging 
that I am now using spinal anesthesia as a 
routine for all operations below the dia- 
phragm; but, before analyzing the results, 
it may be well to discuss the technique of 
Pitkin’s method as we have employed it 
at the clinic. 


TECHNIQUE OF THE INJECTION 


Spinocain differs from most spinal anes- 
thetics in that its specific gravity is much 
lighter than that of the spinal fluid. Conse- 
quently, if it is injected with the patient in 
the sitting position, it will rapidly ascend 
in the spinal canal so as to anesthetize the 
upper portion of the cord. For this reason, 
it is preferable to inject the spinocain with 
the patient lying on his side. Or, if the 
Injection is made while he is sitting up, he 
must lie down immediately afterward. 

If an appendectomy or cholecystectomy 
is to be performed, the patient should lie 
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on his left side. When this is done, the 
spinocain solution, being lighter than the 
spinal fluid, floats on the top so as to 
anesthetize the right spinal roots. For a 
left-sided operation, the position should 
be reversed. If a median incision is to be 
made, the patient should lie on his back 
after the injection. 

The spinal puncture itself can be made 
painless by preliminary local anesthesia 
over the site of the puncture. Using a 
needle of fine gauge, one injects one-half 
the contents of an ephedrine-novocaine 
ampule beneath the skin over the inter- 
space. Then, without withdrawing the 
needJe, he carries it directly toward the 
interspinous ligament, injecting the other 
half of the solution as the needle is pushed 
along. The spinal puncture needle is 
pushed through this anesthetized area, 
directly in the midline between the two 
spinous processes. Pitkin’s lumbar puncture 
needle is of a No. 20 to No. 22 gauge with a 
45° bevel. The use of ephedrine in the 
anesthetizing solution has the effect of 
raising the blood pressure and thus pre- 
vents one of the most dangerous complica- 
tions of spinal anesthesia. 

Originally I used 2 c.c. of Pitkin’s solu- 
tion as a routine. I soon discovered, how- 
ever, that 1 c.c. is sufficient for low abdom- 
inal work and believe that the use of this 
lesser amount materially diminishes nausea. 
in my opinion, this symptom, like syncope, 
is due to splanchnic dilation resulting from 
use of an excessive quantity of the solution. 
Rough handling of the abdominal viscera, 
too, may play a part. 

It is important not to allow an excess of 
spinal fluid to escape before making the 
injection; otherwise, the anesthetizing solu- 
tion in the spinal canal will be unduly con- 
centrated and will not have a sufficient 
volume of spinal fluid on which to float. 

The perineal region is the first to be 
anesthetized, then the legs, the lower 


abdomen, upper abdomen and finally the 
margin of the ribs. When anesthesia dis- 
appears, it leaves in the reverse order. 
Thus anesthesia of the perineum is the 


622 American Journal of Surgery 
first to come and the last to go. The opera- 
tion may be started ten minutes after 
this injection. 

After the spinal puncture needle has been 
introduced into the canal, it should be 
connected in situ with a 2 c.c. Luer-Lok 
syringe containing 1 c.c. of spinocain. If 
perineal anesthesia alone is desired, several 
drops of the spinal fluid are withdrawn 
into the syringe, and then the entire con- 
tents is injected. Immediately the head of 
the table is lowered and the patient placed 
in a partial Trendelenburg position of 15 
to 18 degrees. This degree of inclination 
can be measured accurately by a tilt- 
ometer, or inclinometer. To produce anes- 
thesia in the lower extremities the inclina- 
tion should be 10 to 15 degrees. I regard 
the immediate use of the Trendelenburg 
position as the most important measure 
to prevent nausea. 

Should it be desired to bring the level 
of anesthesia above the umbilicus, 2 c.c. of 
spinocain must be used. One cubic centi- 
meter of spinal fluid is drawn into the 
syringe containing 2 c.c. of spinocain, after 
which half the contents of the syringe is 
injected. Then another 1 c.c. of spinal 
fluid is drawn into the syringe, and half 
the contents is again injected. This pro- 
cedure is repeated several times, until 
finally the entire contents is injected. 
The table is then placed in a 7 to 10° 
Trendelenburg position, as determined by 
the tiltometer. 

To bring the level of anesthesia up to 
the costal margin, the procedure of aspirat- 
ing and re-injecting should be repeated 
half a dozen times. The Trendelenburg 
position should be 5° as determined by 
the tiltometer. This method produces anes- 
thesia as high as the level of the sixth or 
seventh dorsal vertebra. 

By raising the head of the table, one can 
elevate the level of the anesthesia, since 
the spinocain solution floats upward; but 
the Trendelenburg position should be 
resumed immediately when the desired 
level of anesthesia has been obtained. 
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CONTROLLING BLOOD PRESSURE 


Under all forms of spinal anesthesia, 
including that introduced by spinocain, 
the blood pressure must be watched. If it 
should fall below 80 mm., subcutaneous 
injection of 3 grains of caffein sodium ben- 
zoate should be employed. At the close of 
the operation, when the blood pressure is 
low, caffeine by rectum is useful. 

Hitherto one of the chief objections to 
spinal anesthesia has been the danger of 
too great a fall in the blood pressure. This 
danger can now be prevented by the use 
of Pitkin’s solution, because it is viscous 
and also contains strychnine; by prevent- 
ing the diffusion of the anesthetizing solu- 
tion within the spinal canal; and by 
administering ephedrine. 

Probably the most valuable means of 
preventing serious lowering of the blood 
pressure following spinal anesthesia is by 
the administration of ephedrine. Ocker- 
blad and Dillon’ reported on this method in 
1927 and found that: “although in fully 
go per cent of the spinal anesthesia patients 
there is a dangerous drop in both the 
systolic and the diastolic blood pressure, 
the judicious use of ephedrine successfully 
restores the right amount of arterial ten- 
sion necessary for well being.” 

Ephedrine is an active alkaloidal prin- 
ciple derived from ma huang, which is 
indigenous in China and has been known 
in Chinese medicine for more than five 
thousand years. Both chemically and 
pharmacologically it is closely related to 
epinephrine. Like epinephrine it is a power- 
ful stimulant of the sympathetic nervous 
system and raises blood pressure in this 
way. Ephedrine is effective on oral as well 
as subcutaneous administration. 

Ockerblad and Dillon advise the admin- 
istration of ephedrine subcutaneously when 
the blood pressure has fallen 10 per cent; 
then blood pressure readings should be 
made at ten minute intervals. They believe 
that o.1 gm. of ephedrine should be 
injected before the blood pressure has been 
allowed to fall below 100 mm. 


{ 
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AVOIDABLE COMPLICATIONS 


Postoperative headache is due to imper- 
fect technique in the performance of spinal 
puncture, not to the anesthetic. The with- 
drawal of too large an amount of spinal 
fluid after ordinary spinal puncture is 
likely to cause headache by affecting the 
pressure of cerebrospinal fluid in and about 
the brain. Even when an excess of fluid is 
not withdrawn, the use of a large needle, or 
repeated punctures of the dura, may pro- 
duce seepage and loss of fluid and thus 
cause headache. 

Postanesthetic paralysis is a relic of the 
early days of spinal anesthesia, when large, 
clumsy spinal puncture needles were used. 
When used inexpertly, the large needles 
traumatized the spinal roots and frequently 
produced localized intradural hematoma, 
in this way causing paralysis. In skilled 
hands and with the small needles now used, 
paralyses do not occur. 

In the past there were a number of 
fatalities from spinal anesthesia resulting 
from accidental anesthetization of the 
respiratory center. When spinocain is used, 
this accident cannot occur, provided that 
the patient is kept in the Trendelenburg 
position and anesthesia is not allowed to 
ascend above the level of the sixth or 
seventh dorsal vertebra. 

The administration of morphine sul- 
phate, grain 14, one hour and again one- 
half hour before operation helps greatly to 
quiet the patient’s anxiety. He should be 
told frankly what to expect. During the 
course of the operation, all unnecessary 
conversation should be omitted, as it has 
a tendency to disturb the patient. 

The injection should be given by one 
who is adept at doing spinal punctures, 
preferably an anesthetist who has had 
much experience in general anesthesia. His 
supervision during the operation is just as 
important as when general anesthesia is 
employed. Change of color or other alarm- 
ing symptoms should, of course, be 
promptly reported to the operator. Com- 
plete asepsis in performing the spinal 
puncture and giving the injections is indis- 


DeCourcy—Spinal Anesthesia 


American Journal of Surgery 


623 


pensable. At the clinic our anesthetist pre- 
pares the field prior to the spinal puncture 
as for a surgical operation. He wears 
gloves until the injection is completed. 
Then he removes his gloves and records the 
blood pressure continually until the opera- 
tion is over. This is a safeguard of much 
importance. 


RESULTS 


My results with Pitkin’s method of 
spinal anesthesia have been excellent. This 
procedure has the advantage that the 
anesthesia is at all times under control: Its 
intensity and duration can be regulated; 
any desired level of anesthesia can be 
reached by slightly modifying the tech- 
nique; even right-sided or left-sided anes- 
thesia can be produced, as desired. As 
compared with other forms of spinal anes- 
thesia, Pitkin’s method produces much less 
nausea and fall in blood pressure. 

In my whole series | did not observe a 
single case in which there were alarming 
symptoms from the anesthetic. In about 
one-third of the cases nausea occurred 
while the patient was on the table, but it 
was transient and did not interfere seri- 
ously with the operation. Occasionally, it 
was necessary to suspend work for one or 
two minutes until retching ceased. 

In operations upon the lower abdomen 
there was very little fall of blood pressure, 
so slight as to be of no importance. In the 
upper abdomen, there was a noticeable 
fall of blood pressure, especially when it 
became necessary to use traction on the 
stomach or intestines. 

In operations upon the stomach and 
gall bladder, I found spinal anesthesia 
especially valuable, because efficient mus- 
cular relaxation and absence of straining 
facilitated better exposure of the operative 
field. 

The postoperative condition of my 
patients was especially gratifying. There 
was surprising freedom from nausea, gas 
pains and other discomforts so common 
after general anesthesia. 

Since ether undoubtedly contributes to 
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the mortality in prolonged operations 
under general anesthesia, I am convinced 
that the use of Pitkin’s method will lower 
the mortality from abdominal operations. 
My limited experience has led me to adopt 
spinal anesthesia as a routine for all opera- 
tions below the diaphragm. 


CONCLUSIONS 


1. Controllable spinal anesthesia by 
Pitkin’s method, with spinocain as the 
anesthetic, is so safe and effective as to 
deserve first consideration for all operations 
below the diaphragm. 

2. Fall of blood pressure under spinal 
anesthesia may be minimized by the use 
of spinocain, preceded by ephedrine and 
novocaine local infiltration and followed 
by the Trendelenburg position. It is best 
treated by injections of ephedrine or 
caffeine sodium benzoate. 
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3. By slightly modifying the technique, 
one may obtain any desired level of 
anesthesia. 

4. Postoperative headache, nausea or 
paralysis may be avoided by proper 
technique. 

5. In a series of 100 major operations 
performed at the DeCourcy Clinic under 
spinal anesthesia, Pitkin’s method gave 
consistently excellent results. 
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ELIMINATION OF DANGERS OF 
SPINAL ANESTHESIA’ 


Gaston LABAT, M.D. 


NEW YORK 


HE safety of spinal anesthesia is 
subject to a number of consider- 
ations, most important of which is 
the experience of the man who uses §it. 
Experience implies not only skill in the 
accomplishment of the injection technique, 
but thorough familiarity with the general 
principles on which the method is 
based, clear conception of the nature of 
the mechanism which operates the various 
clinical pictures, and strict observance of 
the laws which govern the mise en train 
and safe operation of such mechanism. 
Spinal anesthesia is defined as the 
method by which analgesia of part or 
whole of the body can be obtained by 
the injection of an anesthetic solution into 
the subarachnoid space. Maintenance of con- 
sciousness is one of its characteristic features. 
There are four main procedures which 
have, at some time during the last forty 
odd years, been used. They are referred 
to in terms cf the territories involved in 
or the levels reached by the anesthesia 
thereby produced. These procedures are: 
(1) low analgesia, which involves the 
pelvis and lower extremities; (2) bigh 
analgesia, which extends from the line 
of the nipples (occasionally the clavicles) 
to the toes, and is available for all oper- 
ations below the diaphragm; (3) segmental 
analgesia, which covers only a segment 
of the body and is used particularly for 
operations on the thorax, upper extremi- 
ties, neck or head; and (4) general analgesia, 
which involves the entire body and has 
been used rather extensively during the 
World War for the surgical treatment of 
multiple wounds scattered all over the 
body. Familiarity with the clinical aspects 
of each of these procedures is essential. 
Puncture of the spine and injection 


can be and has been made at many 
levels between the third cervical ver- 
tebra and the sacrum, the selective sites 
being mediocervical for the head and 
neck; cervicodorsal for the upper extrem- 
ities, breast and upper thoracic region; 
dorsolumbar, for the lower thoracic 
region, abdomen and the lower part 
of the body; lumbar for the pelvis and 
lower extremities; and lumbosacral, for 
the perineum, rectum, anus and distal 
segment of the lower extremities. 

The territories anesthetized do not 
always bear a relationship to the level 
of the spine at which the injection is 
made; thus general analgesia may be 
produced by injecting in any of the lumbar 
spaces and also through the lumbosacral 
hiatus. The manner in which the injection 
is made is of major importance. 

The higher the puncture, the greater 
the risk of injuring the cord and causing 
extensive functional disorders. The higher 
the level of analgesia, the greater the 
danger of severe complications which 
may result in respiratory failure. The 
higher the segmental analgesia, the greater 
the risk of upsetting the cardiovascular 
and respiratory balance, as a result of 
interference with the extrinsic mechanisms 
of circulation and respiration. 

Reduction of intraspinal pressure by 
spoliation of cerebrospinal fluid should 
be well understood before it is practised. 
The greater the withdrawal, the more 
extensive the diffusion of the anesthetic 
fluid injected, and all things being equal, 
the greater the precautions to be taken. 
The higher the complexity of the technique 
employed the greater the risk of introduc- 
ing adverse factors in the achievement of 
end results. 


*Submitted for publication November 13, 1928. 
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It was unexpectedly that spinal analgesia 
came to light and its alleged simplicity 
of technique soon gave it wide popularity. 
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tory findings were possessed of sufficient 
clinical value! 
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In the attempt to prevent diffusion of 


Bier, Barker, Tuffier, Babcock are names 
too well known to be introduced to the 
medical profession. Their pioneer work 
contains a wealth of information from 
which inference may be drawn that the 
clinical picture of spinal analgesia was 
not as bright as the injection technique 
was simple. 

When cocaine was the only anesthetic 
drug available, disasters were attributed 
particularly to the high toxicity of its 
solutions. Spinai anesthesia was dropped 
by all except Tuffier in France, until a 
less toxic drug could be found. The 
discovery of tropacocaine renewed interest 
in spinal analgesia, but that of stovaine 
and novocaine gave the method greater 
impetus. It appeared, however, that many 
of the undesirable symptoms observed 
with cocaine and tropacocaine were also 
noted following the use of the new drugs. 
Respiratory failure was the most dreaded 
complication. 

The prevailing opinion was that respira- 
tory failure was due to the diffusion of 
the anesthetic solution to the medulla 
oblongata, thus reaching the center of 
respiration and blocking it off. This opinion 
was based partly on theory, but chiefly 
on laboratory findings following the use 
of artificial spines, such as glass tubes with 
rubber accessories. These were deemed 
analogous to the natural living spine for 
the purposes of experimentation, and it 
was generally conceded that such labora- 


Fic. 1. Indifferent—-caution. Dependent portions of body are richest in blood. 


the drug to the higher centers the head 
was elevated until, in many instances, the 
patient had reached the sitting position. 
But this did not help, although the 
anesthesia was intended mostly for oper- 
ations on the lower extremities and the 
lower part of the trunk. It had also 
occurred to some of the pioneers that the 
injection of an anesthetic solution heavier 
than cerebrospinal fluid would be safe 
for all operations that could be performed 
on the patient in the sitting posture, and 
that the use of a solution lighter than 
cerebrospinal fluid would be most desirable 
whenever the Trendelenburg position was 
one of the steps of the operative technique. 
Their laboratory findings seemed to have 
been conclusive. 

The addition of one form or another 
of sugar, viz., glucose, dextrin (from 
starch), mannose (from manna), lactose 
(from milk), to the anesthetic fluid, in 
certain proportions produced a heavy 
specific gravity fluid; that of ethylalcohol, a 
light specific gravity fluid. By means of these 
solutions it was expected to be able to 
prevent the gravitation or the diffusion 
of the solution to the brain by controlling 
its progression in the subarachnoid space. 
By holding the patient with the head and 
hips raised for a certain length of time 
the solution would stay at the most 
dependent portion of the spine until it 
had acted on the nerve roots at that level. 
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By sitting the patient the heavy fluid 


would drop into the dural cone and 
anesthetize the sacral nerves only. The 
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in preventing the drop of the blood pres- 
sure or raising this pressure after it had 
fallen, since all were not agreed as to the 


Fic. 2. Anemia of brain—death. Position favoring acute anemia of brain. 


idea of “controllable spinal anesthesia 
was thus born. 

With the use of solutions of variable 
specific gravities, some of which were 
isotonic with the body fluids, the develop- 
ment of individual technique was strictly 
in accordance with the principles then 
prevalent that the injected fluid should 
not be allowed to reach the respiratory 
center. The clinical picture did not brighten 
and the complications were, at that time, 
almost similar to the ones noted before. 
The use of these solutions did not eliminate 
the dangers of respiratory failure. 

Among the early symptoms associated 
with spinal anesthesia was a sudden drop 
in the blood pressure which occurred 
within three minutes following the injec- 
tion and reached its lowest point ten 
minutes later. This was noted by all 
careful observers. It was at times very 
great, but seemed to be of secondary 
importance, since the danger of respiratory 
failure as the result of the diffusion of the 
drug to the brain overshadowed the gravity 
of circulatory disorders. The cardiovascular 
depression was thought to be one of the 
cardinal symptoms by which the toxicity 
of the drugs made itself manifest; it was 
treated as such with varying results. 

The use of many drugs such as alcohol, 
atropine, strychnine, caffeine, pituitrine 
and adrenaline had apparently little effect 


clinical value of any particular drug; nor 
could it be determined in what manner 
these drugs should be administered to the 
best advantage. Thus it is that they were 
given before, during or after the induction 
of anesthesia, in solution with the anes- 
thetic drug, in simple solutions or in com- 
binations, such as strychnine with caffeine. 
They were injected either subcutaneously, 
intravenously or intraspinally. Of course 
there are many reports of the benefits 
derived from the use of these cardiovascular 
stimulants, but these reports may have 
been influenced by considerations which 
are not alluded to in this paper. Failure 
to raise the blood pressure under these 
conditions was evidently the best proof 
that such a circulatory depression was not 
of the type that could be improved by 
the drugs at hand. 

Spinal anesthesia gradually lost its 
popularity and was by many considered a 
dangerous procedure. The firm believers in 
this method, however, continued to use it 
with care and discrimination, while conduct- 
ing their research in multiple directions. 

About eight years ago, spinal anesthesia 
was again brought to the attention of the 
medical profession. With increased experi- 
ence and a clearer conception of the 
nature of the mechanism which causes 
circulatory disturbances it has been possible 
to control these disturbances, and respira- 
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tory failure has become extremely rare; it 
has, in fact, not been observed by many 
experienced men for a number of years. 
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tory disturbances ranging from the classical 
embarrasment or “air-hunger” to the 
ever-dreaded respiratory failure. 


Fic. 3. Life. Trendelenburg position, rational position during subarachnoid block (spinal anesthesia). 


When an anesthetic solution is injected 
into the subarachnoid space it soaks the 
nerve roots as they leave the cord and 
blocks both afferent and efferent paths. 
Impregnation of a certain thickness of 
the white substance of the cord may also 
ensue. Transmission of sensory and motor 
impulses is interrupted in the territories 
supplied by the nerves injected. The 
vasomotor fibers contained in the anterior 


roots of these nerves and destined to 


control the tonus of the blood vessels are 
also interfered with, thus paralyzing to a 
certain degree the musculature of the 
arteries particularly; the splanchnic vas- 
cular system is consequently relaxed in 
proportion to the number of nerves blocked 
in the subarachnoid space. If the diffu- 
sion of the anesthetic drug extends from 
the fifth thoracic to the third lumbar 
nerve, the abdominal blood vessels and 
their tributaries are enlarged and take 
more blood at the expense of the peripheral 
blood vessels. If the anesthesia involves 
also the second, third and fourth thoracic 
nerves, then the vascular system of the 
entire body is relaxed. The dependent 
portions become the richest in blood; the 
most elevated parts, the poorest. If the 
head is kept elevated the brain suffers 
from acute anemia which results in respira- 


The blood vessels of the brain, besides 
being terminal, are not supported by 
muscles and aponeuroses, as in all the 
other regions of the body. Their lumen 
cannot be kept wide open, unless they are 
constantly fed by circulation. Lack of 
blood in these vessels results in complete 
collapse and may cause instant death by 
respiratory and cardiac failure; prolonged 
impoverishment in their blood supply 
induces a partial collapse which may carry 
the patient to death in a comatose or semi- 
conscious condition lasting from three to 
twenty-four hours. Thus is reduced to its 
simplest terms, we believe, the explana- 
tion of the nature of the mechanism 
which causes respiratory failure and death. 

With this understanding, the Trendelen- 
burg position is the only remedy. We can- 
not, with impunity, delay its use until 
the anesthetic drug has been fixed to the 
nerves at any desired level of the spine. 
It is dangerous to abstain from using it in 
certain cases, even though the anesthesia 
is not meant to reach the splanchnic 
nerves; even though the drop in the blood 
pressure is expected to be so slight as to 
be negligible. As a general rule, the Tren- 
delenburg position should, besides, be 
maintained for three hours at least after 
the operation. 
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the effect that the Trendelenburg position 
retards respiratory failure. Why wait until 
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when the patient feels very weak, is slow 
in answering questions, or 
unconscious. 


becomes 


Fic. 4. Indifferent—caution. Extent of anesthesia in supine position, established by injection. 


undesirable symptoms call for its use? 
All those who have used the Trendelen- 
burg position since the early days of spinal 
anesthesia have reported good results; 
although the physiology of the method 
had not then been ascertained, nor its 
study approached from a favorable angle. 
With the use of the Trendelenburg posi- 
tion immediately following the injection, 
such symptoms as pallor of the face with 
cold sweats and respiratory embarrassment 
have almost completely disappeared from 
the picture; they are still present when 
the patient is unnecessarily kept in the 
recumbent posture and placed in the 
Trendelenburg position too late. They may 
also be observed when patients, par- 
ticularly the aged and arteriosclerotics, 
are moved too rapidly from the Trendelen- 
burg to the horizontal position, usually at 
the end of an operation of short duration, 
such as a second stage suprapubic pro- 
statectomy. One of the dangers of spinal 
anesthesia lies in the lack of knowledge of 
the fundamental principles of the method 
and inability to protect such patients. 

It has been repeatedly stated that some 
patients become pulseless on the operating 
table and that the blood pressure is so 
low, in certain instances, that no reading 
can be made. This is quite true and should 
cause no worry if the patient’s condition 
is otherwise satisfactory; but it is a danger 
signal if it is accompanied by pallor of 
the face with cold sweats, particularly 


The inability to make blood-pressure 
readings at the arm or feel a wrist pulse is 
indicative of the laxity of the vascular 
system and lack of adequate means to 
register the propagation of the waves at 
each systole. The peripheral resistance 
having been decreased by the blocking of 
the sympathetic system, it is not surprising 
that the energy of the heart beats is 
diminished and that the frequency of the 
pulse likewise modified. The heart having 
light work to perform takes a rest during 
spinal anesthesia. For this reason spinal 
anesthesia is the method of choice in all 
cardiovascular diseases. 

No attempt should be made to control 
by posture the level of anesthesia. The 
injection of anesthetic solutions of vari- 
able specific gravities which are meant to 
preclude the use of the Trendelenburg 
position immediately following the injec- 
tion has not given the results which they 
were expected to produce. Posture should 
serve as a cushion to soften the abruptness 
of circulatory depression. 

The level of anesthesia is not disturbed 
by posture. Clinical experience proves that 
the extent of anesthesia varies chiefly with 
the pressure with which the injection is 
made and the extent to which the intra- 
spinal pressure has been lowered before 
the injection. Thus it is that general 
analgesia is induced by withdrawal of 
large amounts (20 to 30 c.c.) of cerebro- 
spinal fluid before injecting. LeFilliatre 
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makes the barbotage, Delmas the injection 
brusquée. Both aim at the same result, 
viz., general analgesia. Jonnesco is very 


particular on the necessity of not with- 
drawing any fluid to obtain segmental 
analgesia. As far as the author’s technique 
goes, the level of anesthesia was tested in 
101 patients placed in the Trendelenburg 
position immediately after the injection, 
and in no case did the drug give evidence 
of having reached the upper extremities 

; or a level higher than that attained before 
the lowering of the head. There may, 
however, be slight differences depending 
chiefly on the velocity of injection and 
the rapidity with which the Trendelenburg 
position is assumed; but they are not great 
enough to alter conditions, since they do 
not exceed 3 or 4 inches. 

Chemical tests for novocaine in the 
lumbar region remain positive during the 
entire period of anesthesia while specimens 
of cerebrospinal fluid taken in the dorsal 
region, higher than the level of the anes- 
thesia, are free from the drug or contain 
only very weak traces of it. The above 
findings tend to prove that the level of 
anesthesia is not controlled by posture. 

The danger does not lie only in the 
extent of anesthesia, but in the unneces- 
sary delay in the use of the Trendelenburg 
position or the loatheness to lower the 
head promptly because of the fear of 
the alleged diffusion or gravitation of the 
anesthetic fluid to the brain. 

The contraindications to spinal anes- 
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thesia are based chiefly upon physiologic 
considerations. The vagus, motor or accel- 
erator nerve of the gastrointestinal tract 


Fic. 5. Anemia of brain—death. Level of anesthesia not disturbed when head is raised. 


being free to overexercise its function after 
the blocking of the sympathetic system, 
spinal anesthesia should not be used in 
gastrointestinal perforations, whether 
pathologic or traumatic, and _ localized 
peritonitis. In intestinal perforations, the 
contents of the bowels would be milked 
out as a result of contracted bowels and 
hyperperistalsis; for the same reason, local- 
ized peritonitis would be spread to the 
entire abdominal cavity following the 
destruction of protective adhesions. It is 
not a good procedure to be used in strangu- 
lated hernia or for the removal of a rup- 
tured appendix. It is not recommended in 
syphilitic or epileptic patients, because the 
occasional coincidence of pathologic 
developments inherent to their disease 
might be attributed to the anesthesia. 
At the present stage of our knowledge it is 
impossible to say positively whether or 
not the injection of an anesthetic drug in 
the subarachnoid space would be a con- 
tributing factor in the occurrence of a 
paraplegia or psychosis. It is self-evident 
that local pathologic conditions of the 
spine contraindicate the use of subarach- 
noid block. Lumbar puncture is a danger- 
ous procedure in patients with cerebellar 
tumors, a fortiori, spinal anesthesia. 

In order to eliminate some of the danger- 
ous features of spinal anesthesia the tech- 
nique should be simple. In view of the 
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numerous reports that stock solutions have 
in the past been accused of bringing about 
many complications, all solutions should 
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parts of the body has, in the hands of its 
pioneer advocates, occasionally been fol- 
lowed by disastrous results. We have used 


Fic. 6. Life. Level of anesthesia not disturbed when head is lowered. 


be prepared extemporaneously. Novocaine 
dissolved in cerebrospinal fluid is the 
simplest and at the same time the safest 
solution. The author’s experience with 
neccaine (French novocaine) covers a 
period of over twelve years during which 
he has recorded no death under spinal 
anesthesia. 

The wholesale use of spinal anesthesia 
should be discouraged and its application 
throttled down to surgical necessities. Its 
simplicity of technique and clinical advan- 
tages over all the other methods of anes- 
thesia have served in the past to stimulate 
its routine administration by the inexperi- 
enced. It was given to all classes of patients 
for all types of operations. We believe that 
this was the first great mistake which led 
spinal anesthesia to the brim of disrepute. 
The fear of the gravitation of the drug to 
the brain gave it the final blow. 

Now that confidence has been restored 
to the method and interest revived in it, 
we should do our utmost to use it with 
discrimination but not try to obtain from 
it more than it can give. There are other 
procedures of regional anesthesia which 
give entire satisfaction for operations on 
the head, neck and thorax. The use of 
spinal anesthesia for surgery of these 


the different methods of Jonnesco, LeFil- 
liatre, and Delmas and have refrained 
from recommending them, because they 
are not safe enough to be popularized. 
They still involve an element of risk 
much greater than when spinal anesthesia 
is intended for operations below the 
diaphragm. We should not make an abusive 
use of spinal anesthesia for fear of losing 


one of the best instruments of our 
armamentarium. 
Summarizing the dangers of spinal 


anesthesia and the ways and means of 
eliminating such dangers, we believe that: 

1. Puncture of the spine and injection 
in the cervical and upper dorsal regions 
being associated with comparatively 
greater risks than elsewhere, the induction 
of spinal anesthesia routinely for operations 
upon the head, neck and thorax unneces- 
sarily increases the burden imposed upon 
the patient by the operative procedure 
itself. 

2. The use of spinal anesthesia for such 
operations as can be performed satis- 
factorily with other procedures of the 
regional method introduces into the general 
practice of surgery undesirable elements in 
the estimation of operative prognosis. 

3. The induction of general analgesia 
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by subarachnoid block for operations upon 
the head, neck and upper thorax is out of 
proportion to the extent of the surgical 
intervention and is clinically unsound. 

4. The induction of spinal anesthesia 
for operations below the diaphragm is 
absolutely safe when all the details of 
technique are scrupulously observed. 

5. The combination of details of tech- 
nique taken from different sources is 
considered unwise and may lead to deplor- 
able results. 

6. Contraindications to the use of spinal 
anesthesia being based chiefly upon 
physiologic considerations, it is of the 
utmost importance that these considera- 
tions be well known so as to avoid disaster. 

7. Any technique which is based on the 
principle of diffusion or gravitation of the 
injected fluid to the brain introduces into 
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the method one of the biggest adverse 
factors in the achievement of end-results. 

8. Any technique which implies the 
injection of solutions precluding the use of 
the Trendelenburg position immediately 
after the injection is detrimental to health 
and may endanger life. 

g. Any technique which involves control 
of the level of anesthesia in utter disregard 
for the protection of the patient against 
acute anemia of the brain is dangerous to life. 

10. Any technique which rests upon the 
fundamental! principle of circulatory dis- 
turbances and attempts to cushion by 
posture the abruptness of such disturb- 


ances Is of the highest clinical value. 

Note: Illustrations used in this paper are from the 
author’s (1) “‘Regional Anesthesia,” Nelson’s Loose 
Leaf Surgery, Chap. 1x, N. Y., 1928. (2) Regional 
Anesthesia, Its Technique and Clinical Applications. 
Ed. 2. Phila., W. B. Saunders Co., 1928. 
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THE PAST, PRESENT AND FUTURE OF 
SPINAL ANESTHESIA 


HE history of spinal anesthesia, more 

properly analgesia, is intensely inter- 

esting. It is no new procedure offered 
the surgeon to simplify and safeguard his 
work. About three decades ago it had a 
limited vogue in certain centers in this 
country and in Europe. It then failed to 
attain the popularity its advocates hoped 
for, and very few men did very much with 
it. There was a reawakening of interest 
just prior to the World War, which interest 
waned and fell to a low ebb. About five 
years ago there were rumors of surgeons in 
many sections of the country employing 
spinal anesthesia. It became a topic for 
scientific discussion. Medical and surgical 
journals published articles on various 
phases of the subject. And then, almost 
overnight, it seemed that the subject took 
a conspicuous position in the minds of 
hundreds of surgeons. We have heard it 
debated pro and con in hospital staff- 
rooms, its advocates as rabid in its favor 


as its opponents were the reverse. With our 
interest aroused we “‘discovered”’ several 
surgeons who had been employing the 
method for many years. 

Spinal anesthesia may be said to have 
begun with Nierman who, in 1859, dis- 
covered the alkaloid of coca leaves, to 
which the name of cocaine was given. In 
1862 Schraff found that cocaine had local 
analgesic properties. With this fact amply 
proved Koller,! in 1884, suggested its 
employment for surgical purposes. 

Corning plays a conspicuous part in the 
early history and experimental work of 
spinal anesthesia. He published a paper? in 
1885 on spinal analgesia. Corning was 
influenced in his conclusions by the work 
of Harley, who showed that a poison such 
as strychnine, injected under the mem- 
brane covering the cord, “can act only 
through the intermediation of the blood 
vessels, since, when the latter are separated 
from the cord, the solution remains entirely 
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inert.” From this Corning concluded: 
“In order to obtain the most imm -diate, 
direct, and powerful effects upon the cord 
with a minimum quantity of a medicinal 
substance, it is by no means necessary to 
bring the substance into direct contact 
with the cord; it is not necessary to inject 
the same beneath the membranes, as in 
the case of the frogs, since the effects are 
entirely due to the absorption of the fluid 
by the minute vessels. On the other hand, 
in order to obtain these local effects, it is 
first necessary to inject the solution in the 
vicinity of the cord; secondly, to select 
such a spot as will insure the most direct 
possible entry of the fluid into the circula- 
tion about the cord.” 

Corning first conducted experiments on 
dogs and then upon a man. In 1888 he 
published a report® of his injection of 
cocaine hydrochlorate in the immediate 
neighborhood of the cord. 

Corning made the injections in the 
lumbar and dorsal regions and so ante- 
dated by three years the work of Quincke‘ 
with lumbar puncture. However, Quincke 
discovered, independently, as he was not 
aware of Corning’s work, that it was 
possible to remove the cerebrospinal fluid 
after lumbar puncture apparently without 
danger to the patient. 

Following the work of Corning and 
Quincke many men experimented to learn 
the effect of medicinal fluids upon the 
spinal nerves and cord. Therefore, it was 
natural that someone should propose the 
injection of such substances through lum- 
bar puncture (Ziemssen®). 

Sicard® published a report of a series of 
experiments in which he injected into the 
subarachnoid space various substances: 
normal salt solution, morphine, tetanus 
toxin and other substances, and later he 
reported’ the results of his work on the 
toxic effects of cocaine when introduced 
into the subarachnoid space through the 
intracranial or spinal route. Jaboulay 
confirmed Sicard’s findings. 

In 1894, Corning published an account 
of his method of irrigating the cauda 
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equina with medicinal fluids. While doing 
this work he became impressed with the 
desirability of introducing the remedies 
directly into the spinal canal, “with a 
view to producing still more powerful 
impressions upon the cord, and more 
especially upon the lower segment.” 

Corning’s studies evidently made no 
impression, despite the fact he suggested 
the surgical application of the method® 
and no one took the hint until Bier, of 
Kiel, demonstrated its entire feasibility 
and published the result of his labors.° 

Bier’s paper established the surgical 
application of spinal analgesia. Bier ob- 
served the effects of analgesia induced 
by this method upon himself, his assist- 
ants, and six patients. Lumbar puncture, 
after the method of Quincke, was employed. 
The skin was rendered insensitive to the 
needle by means of Schleich’s infiltration. 
He used 2 c.c. of 1 per cent solution of 
cocaine. 

After the appearance of Bier’s paper 
many surgeons throughout the world, 
especially in America and France, adopted 
the method. 

The first surgical operation performed in 
America under spinal analgesia is credited 
to Tait and Caglieri. They did an ostec- 
tomy of the tibia on October 26, 1899.'° 

The procedure was “popularized” by 
Tuffier!' who extended surgery under 
“spinal” to the genito-urinary organs and 
the abdomen. 

Then many men proceeded helter-skelter 
to attempt surgical operations under spinal 
analgesia. They did not stop to consider 
technique or contraindications. They were 
rewarded with fatalities, causing the 
method to be placed in a bad light. Bier 
protested!? against the recklessness with 
which the method was being employed, 
“regardless of the fact that no note- 
worthy improvement in technique has 
been evolved.”” New methods, Bier said, 
should be devised “‘in an attempt to reduce 
the toxicity of the drug and to prevent 
the unpleasant by-effects so often noted.” 
This, in time, was followed by a large 
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amount of experimental work to accom- 
plish this end, and the work is still going 
on. As a result there are nearly a score of 
“drugs” advocated, each one claimed to 
have an advantage over the others. At 
present some three or four drugs find favor 
with the surgeon. 

Kreis!* is the first credited with having 
employed subarachnoid analgesia in 
obstetrics. Doléris, Marx, Dupaigne and 
others utilized the procedure for the same 
purpose. 

Tait and Caglieri’® in 1900 reported 3 
cases in which cocaine was Injected into 
the sixth cervical interspace without unto- 
ward results. 

Also, it was in 1900 that Morton" 
presaged the recent extension of spinal 
analgesia to surgical operations upon all 
parts of the body. In 1gor he reported 
253 operations he had done under spinal 
analgesia, and 8 of the operations were 
performed above the diaphragm. In 
another series of 61 cases, 15 were upon 
the upper extremities or head. 

We quote from Gwathmey’s work on 
anesthesia :!° 


It appears that the work of Tait and Caglieri, 
Morton, and others, with high injection, has 
not been followed up with further published 
clinical application, for which reason, perhaps, 
originality in this regard has been generally 
accorded to Jonnesco. 

In Sept. 1908, before the Congress of the 
International Society of Surgery, in Brussels, 
Jonnesco, '* described his new method of general 
spinal anaesthesia and reported 14 cases oper- 
ated upon by this method. 

In a later article” he says, “It is an error to 
confuse Iumbar rachianesthesia, conceived by 
Corning and popularized by Bier, with my 
method. As I have many times emphasized, 
my method is a new one and altogether dis- 
tinctive, because I have generalized spinal 
anaesthesia, adopting it to all operations on 
any part of the body.” 


Jonnesco added strychnine to the 
analgesic solution and for it claimed 
originality. But Gwathmey of New York 
City, in 1903, used strychnine hypoder- 
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matically in conjunction with spinal 
analgesia. 

In Great Britain, Barker, McGavin 


and Leedham-Green did much to bring 
this method into favor. Tyrrell Gray 
showed the method to be applicable in 
the surgery of young children. 

Within recent times there has been a 
general agreement as to the indications 
and contraindications to spinal analgesia. 
Likewise, the technique has been stand- 
ardized with only minor modifications. 
Those who advocate the method are 
insistent that it is a safe procedure, pro- 
vided the details of technique are followed 
to the nth degree. When fatalities are 
heard of as happening “on the table” 
investigation usually reveals that an error, 
or errors, in technique were committed. 
Blomfield, in his work ‘Anaesthetics,’ !* 
says: ““The majority of workers prefer to 
limit the use of spinal analgesia to opera- 
tions below the level of the umbilicus.” 
Abroad, however, especially in Vienna, 
this does not hold true. And in this num- 
ber of THE AMERICAN JOURNAL OF SuR- 
GERY, Koster makes a plea for surgery, 
especially of the head, neck and thorax, 
under spinal analgesia. But the reader 
will note in his article a warning to the 
effect that additional study and research 
will have to be done in order to under- 
stand the effect of drugs on the bulb 
before it will be entirely without danger. 
Babcock, one of the pioneers in this 
method, reviews over two decades of his 
experiences with spinal analgesia. Pitkin, 
who received serious consideration at 
the meeting of the American College of 
Surgeons at Boston this year, has done 
both research and experimental work and 
draws his conclusions from them. Cosgrove 
adds a chapter to the use of spinal in 
obstetrics and thus revives work done 
nearly thirty years ago with this method 
in the field of child-birth. 

Evidently, with drugs that are within 
the limits of safety, a fool-proof technique, 
with absolute indications and contra- 
indications given due consideration, spinal 
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analgesia has passed the threshold of 
doubtful applicability and is about to 
receive wide recognition. Within the year, 
we have no doubt, reports will come in 
from scores of surgical centers giving 
results with this form of analgesia. Upon 
such verdict will depend whether or not 
surgery under spinal analgesia becomes a 
routine commonplace. 

However, one word of warning is in 
order at this time. A casual consideration 
of the subject and a hurried reading of 
the technique and concomitants, may 
lead one to think it an easy thing to 
attempt and without danger. Nothing is 
further from the truth. Spinal analgesia is 
not without danger and it takes practice 
before one becomes familiar with every 
detail of the procedure. After reading 
“up” on the entire matter, it behooves any 
surgeon, new to this method of analgesia, 
to visit one of the acknowledged experts 
in this field, and remain with that one for 
a time sufficient to reward the seeker with 
a knowledge of every phase and angle of 
the method, before he returns to his 
home clinic and makes it a routine part 


of his work. 1. Ws 
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CONCERNING SPINAL 
ANESTHESIA 


A LETTER FROM rR. RUDOLPH MATAS 


[Early in November, Dr. Elwyn Clarke, 
of the publishers’ staff, addressed a letter 
to Dr. Matas of New Orleans, concerning 
various phases of spinal anesthesia. Dr. 
Matas sent an immediate reply. As the 
reader will note, this letter is out of the 
ordinary. Therefore, we wired Dr. Matas 
for permission to publish it. In his answer 
Dr. Matas said it was not intended for 
publication but if we would make this 
plain we could incorporate it in this num- 
ber of THE AMERICAN JOURNAL OF SuR- 
GERY. Ed.] 


November 16, 1928 
Dr. Elwyn Clarke, 
c/o Paul B. Hoeber, 
76 Fifth Avenue, 
New York City 
Dear Dr. Clarke: 

Replying to your appreciated letter of 
November 8th., I would state: 

1. That my first successful spinal anal- 
gesia was obtained in an operation for 
hemorrhoids by injecting a 1 per cent solu- 
tion of cocaine in the spinal canal between 
the 4th and 5th lumbar vertebrae, on 
December 10, 1899. A previous attempt 
made on Nov. 10, 1899, failed to obtain 
complete anesthesia on account of insuffi- 
cient dose of beta eucaine. 

A short report of these experiences Is 
given in the Journal of the A. M. A., Vol. 33, 
under Medical News, p. 1659, for Decem- 
ber 30, 1899. 

Tait and Caglieri, of Los Angeles, appear 
to have applied the method in operating for 
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osteomyelitis on Oct. 26, 1899, but did not 
report their case until April, 1900. 

You will find further reference to these 
early applications of spinal analgesia in my 
practice, in a footnote to Chapter 20, p. 432, 
of Allen’s “Localand Regional Anesthesia,”’ 
ist. & 2nd editions, 1915-1918, Saunders 
& Co., to which I wrote an introduction. 
Also in a Report on “Local and Regional 
Anesthesia with cocaine and other analgesic 
drugs—the latest methods,” as chairman 
of the Section of Surgery of the Louisiana 
State Medical Society, at the meeting held 
April 19-21, 1900, and of which I am send- 
ing you a reprint. 

I also wrote on the same subject in a 
paper which appeared in the Philadelphia 
Medical Journal for Nov. 3, 1900. You will 
find a little more on my experience in spinal 
anesthesia in this publication, which is now 
extinct but is, no doubt, available in the 
New York Academy of Medicine. 

I am also sending you reprint of a paper 
by Dr. Graffagnino, which summarizes the 
experience of the Charity Hospital of New 
Orleans in spinal anesthesia from 1899- 
1925. 

2. In regard to your query as to the name 
of the “New Orleans doctor (Louisiana 
French) who gave spinal anesthesia for me 
a good many years ago and has since died,” 
I can only think of the late Dr. Sidney P. 
Delaup as the one you refer to. Dr. Delaup 
adopted genitourinary and rectal surgery 
as his specialty and resorted to spinal 
anesthesia almost exclusively in his prac- 
tice. He assisted Dr. Charles Chassaignac 
who was chief of the genitourinary service 
at that time and did most of the spinal 
injections for him. Dr. Delaup was not a 
member of my staff and took up spinal 
anesthesia long after I had introduced it in 
the Charity Hospital. Dr. Delaup pub- 
lished his first paper on spinal anesthesia in 
the Transactions of the Louisiana State 
Medical Society for 1901, pp. 359-368 and 
New Orleans Med. and Surg. J., 1901-02, 


pp. 211-219. In this paper he reported his 
first thirty (30) cases, which are given 
synoptically and without dates. He reported 
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a total of one hundred (100) cases in a 
second paper which appeared in the New 
Orleans Med. and Surg. J., Vol. 57, Feb., 
1905, but without dates. His chief, Dr. 
Chassaignac also wrote on his experience 
dating from the Fall of 1900-1905 in which 
he refers to Dr. Delaup and Dr. Paul J. 
Gelpi as his assistants in the work. 

3. In the nearly twenty-nine (29) years 
that have elapsed since my first application 
of spinal anesthesia, the method has gone 
through many variations in the technique 
and in the anesthetics used. Beginning with 
cocaine we have gone through the gamut of 
its synthetic substitutes,—beta eucaine, 
stovaine, alypine, tropococaine, apothesine 
(P. D. & Co.) tutocaine, novocaine in a 
variety of solutions and methods of adminis- 
tration have had their advocates and 
detractors. Apothesine was used almost 
exclusively in the Charity Hospital during 
the world war and has remained the 
favored agent with the staff until quite 
recently, at least in so far as spinal anal- 
gesia is concerned; novocaine and adrenaline 
being always preferred for local, regional 
and splanchnic anesthesia. At present, 
novocaine seems to be coming to its own in 
spinal anesthesia as one of the components 
of the spinocain solution that Dr. G. P. 
Pitkin has introduced. The results of this 
method of “controllable anesthesia” have 
thus far created a very favorable impres- 
sion, but it is too early to express a definite 
opinion as to its comparative merits. 

As far as I am personally concerned, I 
resort to spinal anesthesia only for opera- 
tions in the lower half of the body—particu- 
larly the pelvis; genitourinary tract; rectum 
and lower extremities. I find it particularly 
advantageous in operating upon femoral 
and popliteal and tibial aneurisms, where 
the patient has often to be turned on his 
face to expose the operative field. Person- 
ally, I have always preferred novocaine 
(procaine) to all other anesthetics, ever 
since it was first introduced. I have never 
attempted to obtain a general anesthesia 
(below the neck) by spinal injection as 
practiced by Jonnesco, Tait and others. In 
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the abdomen I have made it a rule never 
to resort to spinal anesthesia in weak, 
exhausted and hypotense subjects. As a 
whole my conclusions as to the indications 
and contraindications of spinal anesthesia 
have been those arrived at in the conserva- 
tive and discriminating report presented 
by Prof. Forgue of Montpellier, at the 
French Congress of Surgery in Paris last 
October (1928)—(see Presse Médicale No. 
83, Oct. 17, 1928). I believe that in the 
matter of anesthesia one should be selective 
and eclectic and not a routinarian. 

It is quite possible that the indication for 
spinal anesthesia will be enlarged with 
greater safety and advantage than in the 
past, particularly in the abdomen where 
absolute relaxation is desirable without a 
fall in the blood pressure, by adapting 
Pitkin’s method and solutions. We should 
remember however, that while spinal anes- 
thesia has been evolving to its present stage 
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of efficiency and relative safety (within its 
proper regional limitations) general anes- 
thesia has also enormously improved since 
we have learned how to use the ethylene- 
oxygen combination in the apparatus and 
safety devices of modern practice. Of one 
thing I am quite convinced and that is, 
that spinal anesthesia as it is now evolving 
to a place of greater safety, will completely 
supplement the methods of splanchnic 
anesthesia which have rendered an excel- 
lent service in abdominal surgery in the last 
few years, but which are less dependable, 
more complicated and quite as risky and 
require more expertness for their proper 
application than either a spinal anesthesia 
or an ethylene-oxygen combination in 
competent hands and in modern technical 
conditions. 

Hoping that this letter will satisfy your 
inquiries, I am 

Yours very truly, 


(Signed) R. Matas. 


quarters. 
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BOOKSHELF BROWSING 


THE ALLEN MEMORIAL MEDICAL LIBRARY OF 
CLEVELAND, OHIO * 


Rutu F. Stone 
CLEVELAND 


HE recently completed Allen 

Memorial Medical Library in Cleve- 

land, Ohio, is filling a long-felt 
need of the Medical Library Association 
for attractive and adequate housing of its 
rapidly growing library. Its present new 
location, closely adjacent to the area to be 
devoted to the new Medical Center for 
which $6,000, 000 has been subscribed, 
as well as its convenient location to the 
Western Reserve University Center, makes 
it easily available to all concerned in the 
study, research and practice of medicine 
in Cleveland. 

Since its organization in 1893 and its 
incorporation the following year, the Cleve- 
land Medical Library Association has been 
gathering medical books and journals of 
increasing value. This collection was 
housed for some years in the old Case 
Library but in 1897 the number of volumes 
had so increased that it became necessary 
to provide separate housing for them. 
The result was the purchase and adapta- 
tion for library uses of a residence at 2318 
Prospect Avenue, Cleveland. 

During the following period of twenty- 
five years, the Library Association grew 
in membership and became the beneficiary 
of various bequests and trust funds from 
its former members for the promotion of 
the Library’s interests. The acquirement 


of books and journals over the same period 
was so considerable that for some years 
past much consideration has had to be 


Fic. 1. Entrance and main hallway. Showing one of 
four murals decorating the upper walls. These murals 
portraying the history of medicine were painted by 
Cora Holden, Cleveland. 


given to the embarrassing needs of the 
Library for better and larger housing. 
After the World War and the return to 
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Cleveland of many physicians engaged in site on the corner of Euclid Avenue and 


war service, active efforts of the Medical 
Library’s Trustees resulted in the appoint- 


Adelbert Road. Contingent upon the 
acceptance of this new site came the offer 


Fic. 2. Cushing reading room. Memorial to three generations of distinguished physicians in the Cushing family 
of Cleveland. 


ment of a building committee, and the 
employment of Walker and Weeks, archi- 
tects of Cleveland, to plan for a new build- 
ing to be located on the Prospect Avenue 
site. At about this time the Western 
Reserve University was making elaborate 
plans for a future Medical Center to be 
located on property adjacent to the 
University. This Medical Center is to 
include maternity, babies’ and general 
hospitals, nurses’ homes, medical, dental 
and research laboratories as well as the 
medical school, all these units to be 
gradually moved from old buildings to the 
new location as fast as means and opportu- 
nity would permit. 

Realizing the value of having the 
Medical Library a part of this new group- 
ing in the Medical Center, the Western 
Reserve University gave the Cleveland 
Medical Library Association a handsome 


from Mrs. F. F. Prentiss, formerly the 
wife of Dr. Dudley P. Allen, deceased, a 
Cleveland surgeon of prominence, of a 
most generous part of the money to erect 
a suitable building, the structure to be 
called the Allen Memorial Medical Library. 

These offers were gratefully accepted. 
An appeal was then made to the medical 
profession and to relatives and friends of 
former physicians for funds properly to 
furnish and equip the new building. The 
result was the contribution of $175,000 
additional for this purpose. 

The structure was completed and ready 
for dedication on November 13, 1926, 
upon which occasion the oration of the day 
was delivered by Dr. Harvey Cushing, of 
Boston, a member of the third generation 
of distinguished Cleveland physicians in 
the Cushing family. 


The new Allen Memorial Medical 
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Library is of the classical type of archi- 
tecture, a simple but well-proportioned 
edifice of limestone, with base, entrance 
door, jamb and ornamental vases of pink 
Georgia marble. The construction is of 
concrete, steel and other fireproof material. 

The use of marble in the Medical 
Library has worked out most satisfactorily, 
beginning with the marble on the exterior. 
The visitor is introduced to this material 
as he passes through the main entrance. 
On entering the main hallway from the 
portal, he perceives that he is in a dignified, 
quiet and pleasant room that extends 
through two stories and is the chief feature 
of the interior arrangement. The marble 
in this room is entirely of Tennessee 
Tavernelle and it is mainly due to its use 
that the impression of serenity is so 
readily achieved. 

The upper part of the main hallway 
carries out in color the same general tone 
of the marble and furnishes a most satis- 
factory background for four large pictures. 
These murals portray the history of medi- 
cine as typified in the life of Asklepios. 
The following wording appears upon a 
tablet that hangs on the landing of the 
stairway, explanatory of this legend: 


The Murals 
Given in memory of Dr. Walter Merriam by 
Mrs. Merriam, portray the 
Story of Asklepios 
1. The legend is that Asklepios, son of Apollo, 
was instructed in the art of healing by 
Cheiron, most celebrated of the Centaurs, 
who was versed also in philosophy, music, 
astronomy, and the arts of the chase and 
of war. 
u1. Asklepios is referred to in ancient writings 

as “the much honored” and “beloved” 
physician. Many statues of him have been 
found, always with the snake, his symbol, 
coiled about his staff. 

111. Machaon, warrior-son of Asklepios, accom- 
panied King Agamemnon against Troy, 
acting both as surgeon and leader of troops. 
Agamemnon sends for Machaon to aid the 
wounded Menelaus.—Iliad, Book 4. 

Iv. Asklepios, deified by the Greeks, was 
worshipped in many temples. His sanctu- 
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aries, notably at Cos and Epidaurus, were 
sought out by ill and maimed. Asklepios 
was Aesculapius of the Romans, and to the 
modern world is a recognized symbol of 
medicine. 


Painted by Cora Millet Holden. 


Miss Holden, an artist of Cleveland, 
is a young woman who is making a name 
for herself in the field of murals. Previous 
to the painting of the four murals for the 
Medical Library, Miss Holden painted 
two war murals in the Memorial Hall of 
the Goodyear Company, Akron, Ohio 
and an industrial mural in the Federal 
Reserve Bank of the Fourth District in 
Cleveland. 

In addition to the main hall described 
in the foregoing, the Medical Library 
contains the large Cushing reading room, 
the Hunter H. Powell room or member’s 
reading room, an assembly hall seating six 
hundred, a lecture room with a capacity for 
ninety-five, large dining room and kitchen, 
offices of the Cleveland Academy of Medi- 
cine, a suite of three reading and lounging 
rooms, librarian’s office and workrooms, a 
large museum, three committee and semi- 
nar rooms, space for seventeen private 
studies, stackrooms with a capacity for 
125,000 volumes and living apartments for 
the librarian. 

These rooms are all handsomely decor- 
ated and furnished, and added dignity 
and character is given them by the many 
old and interesting portraits of former 
members, as well as a very fine collection 
of etchings. The cost of the building, its 
decoration and furnishings, was approxi- 
mately $650,000. 


BOOK REVIEWS 


This translated work by Dr. Cemach, 
SurGcicAL DiaGNosis 1N TABULAR OUTLINE! 
is either one of those things one likes and will 
defend stoutly, or else a thing for which he has 

1SurcicaAL DiaGNosis IN TABULAR OUTLINE. By 
A. J. Cemach, m.p. Authorized Translation, with 
additions and notes by Edward L. Bortz, mM.p. With 
an introductory note by John B. Deaver, M.p. 8vo, 
cloth. Pp. 29, (Biblio. & Index), 238 Tables & Plates, 
548 Subjects. Phila., F. A. Davis Company, 1928. 
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no use whatsoever. Personally, we like the 
book. We think it will prove interesting and 
helpful to many physicians. It is not a new 
method of presenting a subject. Most teachers 
use the general scheme more or less. 

The work is just what the title indicates, 
a tabular outline of surgical diagnosis. It Is 
thorough and the accompanying illustrations 
are very helpful. It is a work most physicians 
can well afford to have handy on their desk 
to consult when in a hurry to clear up a doubt- 
ful point or problem in diagnosis. It is well 
printed, the illustrations have been reproduced 
well and the publishers are to be congratulated 
in offering the book to the medical public, who 
might well take advantage of a handy method 
of making a differential diagnosis without 
having to wsde through book after book and 


CUUICss VI 


Dr. Braun has written a most creditable 
book on Sinus THROMBOPHLEBITIS.' In addi- 
tion he has illustrated it with splendid draw- 
ings. It is an unusual combination of author and 
illustrator, both excellent in their chosen field. 

The student could use this book with profit. 
The physician confining his work to ear, nose 
and throat conditions should have it on his 
library shelves. Many general surgeons operate 
when cases of sinus thrombophlebitis are referred 
to them and, therefore, will find Braun’s book 
instructive. 

The volume is divided into five chapters: 
1. Development; 2. Anatomy; 3. Etiology and 
Pathology; 4. Symptoms and Diagnosis; 5. 
Treatment. There is a _ bibliography that 
covers eleven pages. To the student and 
research worker this, alone, will prove most 
valuable. 

It is well indexed. 

It is a worth while work, beautifully done 
by the publishers, the type large and readable 
and the illustrations well reproduced. 

We earnestly recommend it to those inter- 
ested in this subject. 


This book THE FUNDAMENTALS OF HUMAN 
MorivaTION? is a systematic treatment of the 
facts and problems of human motivation. 


1 Sinus THROMBOPHLEBITIS. Inflammatory Diseases 
of the Venous Sinuses of the Dura Mater. By Alfred 
braun, M.D. 8vo, cloth, Pp. 283, 111 illus. N. Y., Paul B. 
Hoeber, Inc., 1928. 

2 THE FUNDAMENTALS OF HuMAN Motivation. By 
Leonard R. Troland, a.m., pH.p. 8vo, cloth. Pp. 525. 
N. Y., D. Van Nostrand Co., Inc., 1928. 
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It is an answer to: Why do people behave and 
feel as they do? What are the foundations of 
impulse, desire, emotion, purpose and habit? 

We quote from the Preface: The following 
questions should be of interest to any conscious 
human being (they are discussed in the book): 
(1) Our inborn tendencies to action; (2) the 
means by which we learn; (3) the basis of 
“pleasure and pain”; (4) the foundations of 
“‘happiness” in general; (5) the nature and 
operation of “‘instincts,” such as that of sex; 
(6) the physiological meaning of the Freudian 
““complex”; (7) the nature and fovndations 
of emotional experience; (8) the explanation 
of typical modern interests, automobiles, radio, 
etc.; (9) suggestions towards a scientific treat- 
ment of the problems of ethics. 

The book is in ne ~-sy a popular discussion. 
Rather, 1% is « i \oti- 
vanal prohlem. 

It is well written and authoritative. 

It is a book we recommend to physicians 
and other educated persons. 


Ga ysis GL tuc 


This monograph, L’ExpLoraTion Rapio- 
LOGIQUE EN GyNECOLOGIE,! thoroughly covers 
the subject of radiological exploration in 
gynecology. 

The first part deals with on pneumoperi- 
teum; the second part with insufflation of the 
tubes, and the third part with the opaque 
injections. There follows the technique, written 
in quite some detail. The morphology of the 
uterus and tubes is given space, as is the 
normal physiology and psychology. The closed 
tubes and pelvic pathology are discussed. The 
book is well illustrated. 

To those particularly interested in tubal 
insufflation, and the work that is being done 
abroad, as contrasted with the pioneer work 
by Rubin and others in this country, this 
book is recommended. 


Anyone interested in and “‘doing” general 
surgery will be intrigued with this book, RECENT 
ADVANCES IN SuRGERY.? It seems a small work 
on picking it up, but is really quite lengthy. 

The author deals with the latest thought 


1L’ExpLorATION RapIOLOGIQUE EN GyYNECOLOGIE. 
Technique. Resultats. By Claude Béclére, m.p. Preface 
by R. Grégorie, M.p. 8vo, cloth. Pp. 174, illus. Par., 
Masson et Cie, 1928. 

2 RECENT ADVANCES IN SuRGERY. By W. Heneage 
Ogilvie, M.pD., M.cH., (Oxon.), F.R.c.s. (Eng.). 12mo, 
cloth. Pp. 468, 108 illus. Phila., P. Blakiston’s Son & Co., 
1928. 
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regarding several surgical conditions. A chapter 
is devoted to shock and hemorrhage and local 
anesthesia. There is a chapter devoted to the 
topic of cancer and two chapters to neuro- 
surgery. Surgery of the mouth and pharynx; 
plastic surgery; the thyroid and parathyroid; 
the heart and blood-vessels; chest surgery; 
the abdominal wall and hernia; the stomach; 
the peritoneum and large intestine; the gall 
bladder; the urogenital system; the surgery of 
bones, joints and muscles; and venereal disease, 
plus an index, comprise the book. 

This may seem a whole lot in one book of 
less than five hundred pages, but the author 
has wisely eliminated the apparent and unneces- 
sary, he has avoided discussion and knows 
the art of saying a lot in very few words. 

To surgeons we recommend this book. 


This book, A TExTBOOK oF FRACTURES AND 
DistocaTions,' which now appears in its 
second edition, shows a very considerable 
amount of change from the first edition. Also, 
its typographical arrangement is_ greatly 
improved; this last having evidently been done 
to add to its value as an undergraduate 
textbook. 

The text itself is not particularly well 
balanced, emphasis on certain types of fractures 
being, the reviewer feels, excessive and other 
types not receiving sufficient amount of 
attention. Jt is, however, the author’s own 
valuation of his subject matter and must be 
recerved and considered as such. The discus- 
sions of pathology are meager and a new 
edition of the text should see this material 
amplified. The manner in which treatment is 
covered shows that the text comes from the 
pen of a competent, accurate, thinking author- 
ity and when judged from the standpoint of 
treatment, will prove of value either for general 
or special reference. It will prove to be particu- 
larly of value, we believe, to the mass of general 
practitioners who are obliged to treat fractures 
and dislocations. 

The authors say in their preface to URoLocy? 
that “daily contact with the general practi- 
tioner and medical students in our clinics has 
impressed us with the lack of a textbook on 
Urology which presents the subject in the 
simplest possible manner.” 


1A Text Book or FrRActruRES AND DISLOCATIONS. 
Ed. 2. By Kellogg Speed, s.B., M.D., F.A.C.S. 8vo, cloth. 
Pp. 952, 987 illus. Phila., Lea & Febiger, 1928. 

2 Urotocy. By Daniel Eisendrath, M.p., and Harry 
C. Rolnick. m. p,. Phila., Lippincott, 1928. 
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From this premise the authors have written 
a splendid treatise covering the entire field. 
The illustrations, over 700 in number, are well 
selected and well reproduced. There is no 
padding; the book is full of meat and appears 
to be thoroughly up to date. References are 
made in the form of concise footnotes and 
there is no bibliography added. The excessive 
use of bold faced type is a bit startling and 
interferes with consecutive reading; for quick 
reference, however, this may be found very 
desirable. 


This book, BLoop AND URINE CHEmisTRy,' 
is intended to be a textbook for laboratory 
workers and practitioners of medicine. After 
going through the pages of the book we turned 
to the preface and discovered this fact, which 
we had already concluded to our innerseif. 

In these days blood and urine chemistry 
play an important part in the diagnosis and 
prognosis of disease. Treatment, naturally, is 
based on the diagnosis and particularly on 
the state of the blood and urine. 

Naturally, every laboratory worker keeps 
at his elbow several reference books. This 
work should be included in the list. It is thor- 
ough, authentic, well written and the illus- 
trations truly illustrate the text. 

To the internist and physician who does his 
own laboratory work this book will be useful. 

Had we our way we'd have the faculty of 
every medical school in the country see that 
their graduates owned a copy of this work. 
It would stand by these graduates throughout 
their active years (or until newer and more 
modern works appeared) and raise the level 
of the excellence of medical practice. 

We do not attempt a review of this work, 
DISEASES OF THE Ear, NosE AND THROAT.? 
It has been reviewed countless times. The best 
review of any work is to read on the title 
page that it has gone through several editions. 
The fact that Dr. Phillips’ book is now offered 
in its seventh edition is proof that it is a dis- 
tinctly worthwhile publication. 

Dr. Phillips needs no introduction to an 
American audience. He has been preeminent 
in two fields. He has served the profession 
and aided in raising medical standards. To 

1 Bicop AND Urine Cuemistry. By R. B. H. Grad- 
wohl, m.p., and Ida E. Gradwohl, a.s. 8vo, cloth. Pp. 
$42, 121 illus. St. Louis, C. V. Mosby Company, 1928. 

2 DISEASES OF THE Ear, Nose AND Turoat. Medical 


and Surgical. Ed. 7. By W. C. Phillips, m.p. 8vo, cloth. 
Pp. 942, 615 illus. Phila., F. A. Davis Company, 1928. 
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this end he was honored, after having been 
honored by every office on the way, to the 
presidency of the American Medical Associa- 
tion. He has achieved distinction in his special 
field of surgical endeavor. And this is reflected 
in the pages of his book. 

If there is a physician specializing in ear, 
nose and throat conditions who does not 
possess Dr. Phillips’ volume we urge him to 
do so at once. To the practitioner who wishes 
to have a handy book on the subject as a 
reference work, we strongly recommend that 
he purchase this one. 


The preface says: ““The aim of this book, 
A TExT-BOOK OF PHARMACOLOGY AND THERA- 
PEUTICS! is to present clearly the important 
facts of pharmacology and to give the basis for 
these facts . . . an attempt has been made to 
connect physiology, biochemistry and pharma- 
cology with clinical application.” 

The author has fulfilled these aims. 

Were we asked to name a two foot medical 
bookshelf this volume would be among those 
chosen. 

The average physician is dolefully weak on 
his pharmacology and therapeutics. We point 
out to him that if he will take ten minutes a 
day with Dr. McGuigan’s book until it has 
been read from cover to cover and then keep 
the book handy as a reference work, he will 
practice better medicine, ease the life of the 
druggists and make happier the lot of mankind. 

It is an excellent book from every angle. 


Every physician who employs nurses or works 
in a hospital with a training school for nurses; 
every nurse graduated from a_ recognized 
hospital and every other person interested in 
the economic side of sickness will read and 
reread this book, Nursres, PATIENTS AND 
POCKETBOOKS.” 


1A Text-Book oF PHARMACOLOGY AND THERA- 
peutics. By H. A. McGuigan, Px.p., M.p. 8vo, cloth. 
Pp. 660, illus. Phila. W. B. Saunders Company, 1928. 

2 Nurses, Patients AND Pocketsooks. Report of 
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It is a reference book. The chief purpose of 
the book is to stimulate constructive thought 
and discussion. 

We cannot go into detail regarding the 
reading matter but in order to give an idea of 
the contents the reader will note the following 
chapter heads: How Fast Has Nursing Grown? 
How Far Is It Going? Is There Unemploy- 
ment Now? Are Physicians Satisfied? Are 
Patients Satisfied? What Are Nurses Like? 
How Do Nurses Like Their Jobs? Who 
Produce The Nurses? Why Be Concerned? 
The Free-Lance Nurse; Nursing The Country 
Patient; and The Hospital and The Graduate 
Nurse. 

There are 70 tables and 61 diagrams. 


MoveERN X-RAY TECHNIQUE is a splendidly 
prepared volume of over 250 pages, divided into 
21 chapters and splendidly indexed.* A concise 
yet complete work for the X-ray technician is 
here presented. It has an advantage over most 
books in that it covers exactly the field it is 
intended to cover, no more and no less. The 
technician who masters the contents of this 
book will be able to handle roentgen apparatus 
properly and should take good roentgenograms. 
He will have learned, too, that his work ceases 
there and that the interpretation of the roent- 
genograms is up to the physician in charge. 
A book, therefore, that should be in the hands 
of every roentgen-ray technician. Medical 
men, also, will find it a book worth having on 
their shelves for it answers quickly many 
technical questions that are not covered in 
the usual roentgenological publications. We 
congratulate both the author and the publisher 
upon the issuance of a work that has long been 
needed. 


A Study of the Economics of Nursing Conducted by 
the Committee on the Grading of Nursing Schools. 
May Ayres Burgess, Director. 8vo, cloth. Pp. 630, 
61 diagrams. N. Y., 1928. 

3 MopERN X-RAY TECHNIQUE. By Ed. C. Jerman. 
8vo, cloth. Pp. 260, illus. St. Paul, Bruce Publishing 
Co., 1928. 
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A bdomen, acute surgical, 24 


practical surgery of (B.R.), 429 
Abdominal wounds, penetrating, 145 
Aberrant pancreatic tissue simulating duodenal ulcer, 
407 
Abscess of bone, chronic (Brodie), 455 
Acute appendicitis (E), 86, 335 
surgical abdomen, 24 
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Adenomas, multiple, of colon (polyposis), 234 
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Allen Memorial Medical Library of Cleveland, Ohio 
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American College of Surgeons’ 18th Clinical Congress 
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Cancer of cervix, hysterectomy versus radiation in, 44 
relative value of the Wertheim and Schauta opera- 
tions in, 468 
of face, 352 
international conference on (E), 297 
Carcinoma, cervical stump, following supravaginal 
hysterectomy, 340 
single trauma and workmen’s compensation, 433 
Cecum, postoperative volvulus of, 398 
Cervix, cancer of: hysterectomy versus radiation, 44 
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Ds of spinal anesthesia, elimination of, 625, 
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Diagnostik mit freiem Auge (B.R.), 318 
Dictionary of American Medical Biography (B.R.), 187 
Diseases of bacterial origin, 321 
of ear, nose and throat, 643 
of gall bladder and bile ducts (B.R.), 428 
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Diverticula, duodenal in 2 cases, 491 
Diverticulosis of large intestine, 81 
vermiform appendix, 369 
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Duodenal diverticula, in 2 cases, 491 
Duodenum, the (B.R.), 188 
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End-end to side anastomosis, 378 
Epiphyseal coxa vara, 387 
Epithelioma of clitoris and vulva, 133 
of penis and teratoid tumors of testis, 32 
Ergot, preoperative and postoperative methods with, 
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Experience of twenty-four years in spinal anesthesia, 


571 
Extension appliances, adjustable hand and foot, 45 
Extraperitoneal ureterovesicostomy, 325 
Extremities, compound injuries of, 9 cases, 281 
Eye, postoperative infection of, 332 
the (B.R.), 316 


‘ace, cancer of, 352 


Facial repair, functional restoration as an element in, 
164 
Fallacy of x-ray in abdominal diagnosis (E), 
Fascia, muscles and tendons, surgery of (B.R.), 96 
Femoral hernia, strangulated, treatment of, 280 
Femur, fracture of, unusual, with knee-joint ankylosis, 
75 
new roentgenographic demonstration of fractured 
neck of, 392 
Fibrosarcoma of jejunum, 177 
Fistula, biliary, 400 
Foot splint, simple ambulatory, 504 
Fracture of both bones of leg in 2 cases, 275 
compound, Welch bacillus infection complicating, 345 
Fractured neck of the femur, new roentgenographic 
demonstration of, 392 
Fractures and dislocations, 
anesthesia (E), 296 
text book of (B.R.), 643 
of finger tip, splint for, 508 
operative treatment of (E), 523 
Fundamentals of human motivation (B.R.), 


525 


reduction of under local 


642 


G" bladder, surgery of, 134 


Gangrenous intussusception, 273 
Gastric resection, end results of, in 9 cases, 180 
ulcer, 277 
Genital, male, tuberculosis at Bellevue Hospital, 212 
Goiter, operations, 4000, methods of anesthesia in, 170 
surgical pathology of, in 173 cases, 483 
end-results of, in 70 cases, 241 
Gynecology (B.R.), 428 
Sims Memorial address on (B.B.), 526 


der Réntgen und Radiumtherapie (B.R.), 
42 
Harvey, William (B.R.), 302, 415 


Hematuria, supravesical, due to renal infarction, 163 
Hemorrhage into an ovarian cyst and pregnancy, 359 
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International Conference on Cancer (E), 297 
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Lithotriptoscope, a new, 501 

Local anesthesia, reduction of fractures and disloca- 
tions under (E), 296 
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spinal anesthesia in, 602 
Oil, iodized, as a pyelographic medium, 263 
Omentum, great, tee cysts of, 56 
Operation, shelf: 2 cases, 411 
Operations, kidney and ureteral, spinal anesthesia in, 
611 
short, anesthetic mixture for, 394 
Operative surgery (B.R.), 188 
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